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NOTES ON THE CHOICE OF ROENTGENOLOGICAL 
DIAGNOSTIC METHODS! 


CHARLES WEYL, S. REID WARREN, Jr. anp DALLETT B. O’NEILL 
INTRODUCTION 


Several methods for the diagnosis of tuberculosis and pneumonoconi- 
osis require the use of X-rays. Of these methods the following are the 
most important: 


(1) Stereoscopic posteroanterior, single posteroanterior, oblique and lateral 
roentgenograms on films made with full-wave rectified roentgen ray apparatus 
with exposures of 0.1 second or less 

(2) Posteroanterior roentgenograms on films made with portable self-rectified 
apparatus, usually requiring exposure times from 0.25 second to 1.0 second 
(3) Posteroanterior roentgenograms on paper 

(4) Fluoroscopic examination 


These general methods may of course be further subdivided. For 
example, there are several ways of choosing the factors involved in the 
first method so that roentgenograms of different density, contrast and 
sharpness are produced. It is the purpose of this paper to discuss 
certain advantages and disadvantages of each of these general methods. 
The detailed criteria for choosing the technical factors for each method 
have been described elsewhere (1, 2, 3). 

In view of the increasing use of X-rays for the diagnosis of tuberculosis 
among school children and of pneumonoconiosis among industrial workers 
the choice of methods for such surveys becomes increasingly important. 
This paper is concerned chiefly with the problem of roentgen ray surveys. 


COMPARISON OF COST AND PRACTICABILITY 


The approximate cost of apparatus and materials for the methods 
mentioned above is listed in table 1. These estimates include only the 
cost of apparatus and materials. 


1 This investigation was conducted at the Moore School X-ray Laboratory, University 
of Pennsylvania, under a grant from the National Tuberculosis Association. 
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There follows a brief description of some of the practical features of 
the methods listed in table 1. 

Four-valve roentgenographic apparatus, with suitable auxiliary mate- 
rials, is the most expensive and the heaviest of the several types listed. 
It is possible to construct a four-valve machine so that it may be trans- 
ported by truck to a school or other building in which a number of 
patients are to be examined. The transportation and setting up of the 
equipment require two men and they in turn will need some assistance 
in unloading and loading the machine. These two men can make 
single posteroanterior roentgenograms at the rate of at least 25 films per 
hour. If proper precautions have been taken in the design of the ap- 
paratus and technique these roentgenograms are uniform and of high 
diagnostic quality.? If it is desired, stereoscopic pairs may be made, 
although this requires additional heavy equipment and of course more 


TABLE 1 


aa APPROXIMATE UNIT COST OF FILM OR PAPER 
AND PROCESSING CHEMICALS 


Four-valve, 200 milliampere roent- $3,500.00 $0.60 per roentgenogram (film) 


genographic apparatus $0.30 per roentgenogram (paper) 
{| $0.60 per roentgenogram (film) 


Portable 10 milliampere to 30 milli- 
ANAS \| $0.30 per roentgenogram (paper) 


ampere roentgenographic apparatus 


Fluoroscope $1,200.00 No materials 


time. After the films are exposed they must be taken to a darkroom 
in which they may be processed under accurately controlled conditions 
by a time-temperature method of development. Note that roentgeno- 
grams made in this manner satisfy high technical standards of contrast, 
sharpness and comparability. 

Four-valve apparatus or mechanically rectified apparatus used with 
paper, cut to 14 by 17 inch size, requires the same procedure as that 
described in the last paragraph. If the paper is made in rolls* the 
processes of making the films and of processing them require less time. 
About 120 films per hour may be made by this method. The cost of 
each finished roentgenogram is approximately seventy-five cents. 

2 Apparatus of this type is used by the Pennsylvania Department of Health, the Georgia 


Department of Public Health and by Precision Radiographs, Inc. 
3 This method is used by the Powers X-ray Products, Inc. 


4 


ROENTGENOLOGICAL DIAGNOSTIC METHODS 3 


Portable roentgenographic apparatus of modern design is light in 
weight and completely shockproof. It can be set up easily by one man 
in a few minutes and it does not, in general, require a large power supply 
line. However, the roentgenograms obtained with this apparatus 
either on film or on paper are excessively unsharp due to motion of the 
heart and other thoracic contents. With this apparatus also well con- 
trolled methods of development are required after the exposures have 
been made. If is difficult, however, to design this type of equipment 
in such a manner that the completed roentgenograms are comparable 
and of high diagnostic quality. 

The fluoroscope is easily portable and the physician who interprets 
can act as operator. In all of the other methods described above an 
interpreter examines the films after they are processed, whereas in the 
case of the fluoroscope the interpretation is made during the examination. 


COMPARISON OF DIAGNOSTIC METHODS FROM THE TECHNICAL 
POINT OF VIEW 


The cost and practicability of the several methods are not, of course, 
the most important factors from the diagnostic point of view. In this 
section the technical aspects are reviewed briefly. 


Four-valve roentgenographic apparatus with suitable auxiliary mate- 
rials can be adjusted to produce roentgenograms of the chest on X-ray 
film at focal spot-film distances from four feet to six feet and with ex- 
posure times of 0.1 second or less, which have densities within the 
diagnostic area from 0.4 to 1.5. If these films are examined by means 
of diffuse light of proper intensity the average observer’s eye will perceive 
density differences within the diagnostic area of the order of 0.05.4 

This perception of small density differences forms the basis of the 
X-ray diagnosis of diseases of the chest. That method which produces 
contrasts which are most easily perceived for a given type of lesion is the 
best method from the diagnostic point of view. In addition, however, it 
is necessary to produce sharp shadow borders if the diagnosis is to be 
accurately performed. This requires a small X-ray tube focal spot and 
a short exposure time, as well as high contrast. By the proper choice 

* The technical factors here involved are very complicated. This statement may be used 
as a guide, but it is the authors’ opinion that a precise determination of perceived contrast 
in roentgenograms requires extensive research. The quantitative statements presented 
in this section therefore represent a synthesis of available experimental data by the authors 


and other physicists with whom they have consulted. For example, see BRONKHORST, 
WitLem: Kontrast und Schirfe im Roentgenbilde, Georg Thieme, Leipzig, 1927. 
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of apparatus and technique the unsharpness of the shadow of a part of 
the lung 15 cm. from the film may be as low as 0.4 mm., using four-valve 
roentgenographic apparatus with a stationary anode tube and X-ray 
film. This unsharpness varies depending on the phase of the cardiac 
cycle during which the exposure is made and upon the distance of the 
object from the film, as well as upon the other factors mentioned above. 

If roentgenographic paper is used instead of film as the recording 
material, it must be viewed by reflected light. It is well known by 
photographers that it is impossible to perceive as small differences in 
density on paper ason film. This is, of course, due in part to the differ- 


N 
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10 20 30 0 10 20 
THICKNESS OF ALUMINUM~-MM. THICKNESS OF ALUMINUM- MM. 


' Fic. 1. Explanation in text; see table 2 


ence in response of paper and of film to light or to X-rays, and in part 
to the viewing conditions. Films are viewed by means of transmitted 
light ; paper roentgenograms are viewed by reflected light. The following 
tests were made to compare the observed densities and contrasts for 
paper and for film. Roentgenograms of an aluminum ladder were 
made on paper and on film at a focal spot-film distance of four feet, an 
exposure time of 0.1 second, an X-ray tube current of 100 milliamperes 
and X-ray tube voltages of 55 kvp., 60 kvp., 65 kvp., 70 kvp. and 75 
kvp., with intensifying screens. The density of each ladder step of 
these roentgenograms was measured by means of a densitometer. The 
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data are shown in the curves on figure 1. It will be noted that (/) the 
average density for each roentgenogram on film is considerably higher 
than the average density on paper; (2) the average contrast on film is 
far greater than the average contrast on paper; (3) the upper limit of 
density for paper is approximately 1.6, whereas the upper limit of density 
for film rises continually and reaches in the case of the 75 kvp. roentgeno- 
gram a value of 2.6. These data are perhaps more clearly summarized 
in table 2. 


TABLE 2 


Density and contrast of paper and of film for exposures made at 100 ma., 0.1 second, focal spot-film 
distance 4 feet, under 12.7 mm. of aluminum, and X-ray tube voltages of 55 kup., 60 kvp., 
65 kup., 70 kup. and 75 kvp., with intensifying screens 


TECHNIQUE PAPER 


55 kup. 
Density (under 12.7 mm. of aluminum) 
Contrast (density change per mm. of aluminum) 


60 kup. 
Density (under 12.7 mm. of aluminum) 
Contrast (density change per mm. of aluminum) 


65 kup. 
Density (under 12.7 mm. of aluminum) 
Contrast (density change per mm. of aluminum) 


70 kup. 
Density (under 12.7 mm. of aluminum) 
Contrast (density change per mm. of aluminum) 


75 kup. 
Density (under 12.7 mm. of aluminum) 
Contrast (density change per mm. of aluminum) 


These data show that throughout the useful range the density and 
contrast obtained with film are greater than those obtained with paper 
for equal roentgenographic exposures. It would be necessary to decrease 
the X-ray tube voltage at least 10 kilovolts for paper in order to obtain 
equal contrast for paper and film. It would be necessary in addition to 
increase the milliampere-seconds for paper at least three times in order 
to get comparable densities for paper and film. Even with these drastic 
and impractical changes in technique the maximum observed density 


| 
4 
mix 
0.37 
0.082 
0.84 
0.135 | 
1.26 
0.135 
1.59 
0.104 
1.81 
0.085 
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on paper would not exceed 1.6, and the contrast for densities between 
1.3 and 1.6 would be lower than those obtained with film. The sharpness 
obtained with paper would be less since it is necessary to increase the 
milliampere-seconds and therefore the focal spot size to obtain adequate 
contrast and density. 

It may be concluded therefore that paper is technically inferior to 
film as a diagnostic material in chest roentgenography. 

Portable apparatus requires the use of exposure times of 0.25 second 
to 1.0 second. This produces excessive unsharpness due to motion of 
the heart and the lungs. Many diagnosticians claim that this pre- 
vents accurate diagnosis. Others have stated that the parts of the lung 
in which the lesions of minimal tuberculosis are usually found move rela- 
tively little during exposure and that therefore the use of long expo- 
sure times for the production of roentgenograms in diagnostic surveys is 
not a serious disadvantage. This question is concerned with problems 
with which the diagnostician is most familiar and which therefore he 
alone can answer. 

The fluoroscope produces images far lower in brightness than those 
obtained with either film or paper. Tests have been performed for the 
purpose of determining the brightness of the fluoroscopic image. A 
photoelectric cell was connected to an indicating meter. The deflection 
of this meter was found to be proportional to the light passing through 
the aperture in front of the cell. The diffuse light from a standard film 
illuminator through a film having a density of 1.7 produced a meter 
deflection of 6 mm. The photocell was held in front of a Patterson 
Type B fluoroscopic screen. With the X-ray tube operating at 85 kvp., 
4 ma., and a focal spot-screen distance 30 inches, and mo object inter posed 
between the tube and the screen, no deflection of the meter connected to 
the photoelectric cell was observed. This negative result may be use- 
fully interpreted as follows: it is quite certain that if the deflection had 
exceeded 0.2 mm. it would have been perceptible. Let it be assumed 
that it was actually 0.2mm. Under these conditions it can be calculated 
that the brightness of the fluoroscopic screen with no interposed body 
between the tube and the screen was of the order of one-thirtieth of the 
brightness which is observed on the face of a film of density 1.7 placed 
before a film illuminator. Measurements with an ionization chamber 
show that the average intensity of the X-ray beam after passing through 
the chest of a normal adult is one-twentieth the intensity of the beam 
with no object interposed between the tube and the screen. If the 
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screen brightness is proportional to the intensity of the X-ray beam 
striking it, the average brightness of the screen during fluoroscopic 
examination of the chest is one-six-hundredth the brightness of the 
surface of a film of density 1.7 placed before a film illuminator. Data 
presented in the International Critical Tables show that the eye can 
perceive brightness differences of the order of 2.2 per cent for the film 
of density 1.7 held before the illuminator, while at the average level of 
brightness of the fluoroscopic screen the eye can see brightness differences 
only of the order of 30 per cent. Thus under a most conservative inter- 
pretation of the data the fluoroscopic image has contrasts greatly inferior 
to those obtained with film or with paper. 


SUMMARY 


The material thus far presented leads to the following general con- 
clusions: 

1. It is necessary to use four-valve roentgenographic apparatus with 
suitable auxiliary materials including X-ray film to obtain roentgeno- 
grams of the chest of the highest quality known to-day. The cost of 
this equipment is approximately $3,500.00; it is bulky and therefore 
difficult to transport; it requires a supply transformer and line of high 


capacity for its operation. 

2. Portable apparatus produces roentgenograms which are unsharp 
due to the motion of the parts within the chest during the long exposures 
which must be used with this type of equipment. It is easily transport- 
able and does not require a large supply transformer or line. The cost 
is approximately $1,500.00. 

3. The fluoroscope produces images greatly inferior in contrast and 
brightness to those observed in film or paper roentgenograms; it costs 
approximately $1,200.00; is easy to transport and to operate. 

4. Roentgenograms on paper are technically inferior to those produced 
on film. If the contrast and average densities are equal the paper 
roentgenogram lacks sharpness because a large focal spot is required. 
The maximum density which can be produced on paper is limited to 
approximately 1.6 and the contrasts in the more dense parts of the 
roentgenogram area are much less than those obtained with film. Paper 
costs less than film. 
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PROBLEMS WHICH REQUIRE SOLUTION 


The choice of a diagnostic method at present depends chiefly upon 
factors which are not discussed in previous sections of this paper. The 
most important of these factors is a comprehensive analysis of the results 
of the work of experienced roentgenologists. The facts derived from 
such experience should determine the relative importance of the technical 
and economic factors from the diagnostic point of view. For example, 
granting that the contrast of the fluoroscopic image is inferior to that of 
the roentgenogram on paper or film, if this inferior contrast is sufficient 
for the diagnosis of minimal tuberculosis then the superiority of the 
film may be of no practical importance. 

Questions have been sent to forty-five general roentgenologists, roent- 
genologists in tuberculosis sanatoria and health officers, asking their 
opinions concerning the various methods described in the first section 
of this paper. The results of the survey are given briefly below. 

The questionnaire was prefaced by the following notes and instruc- 
tions: 


The use of roentgen methods for the diagnosis of tuberculosis and pneumono- 
coniosis continually increases. Owing to the intensive drive against tubercu- 
losis it is becoming more and more common for agencies to examine school 
children throughout large areas in order to detect the presence of tuberculosis 
at an early stage. New compensation laws have led to the use of roentgen 
apparatus for the examination of industrial workers to detect the presence of 
tuberculosis or pneumonoconiosis. These mass surveys bring forth a number 
of problems in which scientific and economic questions are interdependent. 
This situation should be kept in mind in answering the following questions. 

Please indicate in the attached table your choice of methods for the purposes 
presented in the table. Under Questions 1, 2, 3 and 5 indicate the relative 
merits of the various procedures by marking your first choice 1, your second 
choice 2, et cetera. Questions 4 and 6 may be answered by recording the esti- 
mate under each procedure. If, after you have answered the questions in the 
table, you wish to discuss any pertinent points please use the space below. 


The questionnaire itself is in tabular form. The following methods 
were listed: 


(1) Stereoscopic p.-a. roentgenograms of the chest on film made with accepted 
modern technique 


t 
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(2) Single p.-a. roentgenograms of the chest on film made with accepted 
modern technique 

(3) Single p.-a. roentgenograms of the chest on film made with long exposure, 
low current technique 

(4) Single p.-a. roentgenograms of the chest on paper using modern technique 
(5) Fluoroscopic examination of the chest using modern screens 


The roentgenologists were asked to choose the relative value of each 
of these methods for each of the following objectives: 


(1) Order of diagnostic merit regardless of cost (early tuberculosis) 

(2) Order of diagnostic merit regardless of cost (early pneumonoconiosis) 

(3) Order of choice for county or state survey of school children with due regard 
to cost (tuberculosis) 

(4) Probable number of cases missed out of 1000 diagnoses made under survey 
considered in Question 3 (tuberculosis) 

(5) Order of choice for survey of industrial workers with due regard to cost 


(pneumonoconiosis) 
(6) Probable number of cases missed out of 1000 diagnoses made under survey 


considered in Question 5 (pneumonoconiosis) 


It is not the purpose of this paper to present in detail the answers to 
this questionnaire. The following facts, however, are important to the 
present discussion and should be noted carefully. Thirty-three roent- 
genologists who answered desired stereoscopic roentgenograms of the 
chest made according to modern techniques for the diagnosis of either 
tuberculosis or pneumonoconiosis if cost were not considered. Four 
of the thirty-three specified further that they did not believe this to be 
sufficient. They would like, in addition, to make a fluoroscopic examina- 
tion and lateral or oblique roentgenograms in order to guarantee as well 
as possible a correct diagnosis. This result might of course have been 
expected since practically all roentgenologists recognize the value of 
technically adequate stereoscopic roentgenograms if they can be made. 

For surveys of large numbers of school children or industrial em- 
ployees opinions differ greatly. For tuberculosis surveys the following 
summary is adequate for the present purpose. The methods given 
first or second choice by any roentgenologist were separated from the 
remaining answers. If a method is chosen first it is given a score of 2. 
If a method is chosen as second best it is given a score of 1. The results 
of this tabulation for tuberculosis surveys among school children are 


as follows: 
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Surveys of school children for the diagnosis of tuberculosis 


TOTAL SCORE BY 
33 ROENTGENOLO- 
DIAGNOSTIC METHOD GISTS (FIRST CHOICE, 
SCORE 2; SECOND 
CHOICE, SCORE 1) 


Stereoscopic p.-a. roentgenograms of the chest on film made with accepted 
modern technique 10 
Single p.-a. roentgenograms of the chest on film made with accepted 
modern technique 40 
Single p.-a. roentgenograms of the chest on film made with long exposure, 
low current technique 14 
Single p.-a. roentgenograms of the chest on paper using modern technique. . 19 
Fluoroscopic examination of the chest using modern screens 10 


In the case of surveys of industria! workers for the detection of pneu- 
monoconiosis the scores obtained in a similar manner are as follows: 


Surveys of industrial workers for the diagnosis of pneumonoconiosis 


TOTAL SCORE BY 
33 ROENTGENOLO- 
DIAGNOSTIC METHOD GISTS (FIRST CHOICE, 
SCORE 2; SECOND 
CHOICE, SCORE 1) 


Stereoscopic p.-a. roentgenograms of the chest on film made with accepted 
modern technique 

Single p.-a. roentgenograms of the chest on film made with accepted 
modern technique 

Single p.-a. roentgenograms of the chest on film made with long exposure, 
low current technique 

S.ngle p.-a. roentgenograms of the chest on paper using modern technique. . 

Fluoroscopic examination of the chest using modern screens 


Most of the surveys of school children now being conducted are made 
either with portable apparatus or with roentgenographic paper. This 
would seem to be at variance with the opinions of the roentgenologists 
who answered this questionnaire. It should be noted also that these 
roentgenologists believe that it is much more important to obtain accu- 
rate high quality films for the diagnosis of pneumonoconiosis than it is 
for the detection of tuberculosis among school children. The fact that 
long exposure times (portable apparatus) are so often used for chest 
roentgenographic surveys is particularly pertinent when it is noted that, 
in this questionnaire, out of a total score for tuberculosis surveys of 93 
only 14 points are scored for portable apparatus, while for surveys for 
pneumonoconiosis the proportion is similarly low. 

Some of the roentgenologists who answered these questionnaires wrote 


. 
| 
10 
10 
9 
6 
OO 
if 
f 


ROENTGENOLOGICAL DIAGNOSTIC METHODS 11 


notes on some aspects not included in the questions. There were com- 
ments from about one-fourth of the total which show that these men 
believe that the ability of the interpreter is one of the most important 
factors in a diagnostic survey. It is this fact which makes the entire 
problem so difficult to solve from a practical point of view. Perhaps it 
is worth while to consider methods for testing the ability of the diag- 
nostician engaged in survey work, and perhaps this work should precede 
any discussion of the relative merits of the several methods. 

There have been several carefully controlled scientific tests of the 
adequacy of roentgenographic paper and of the fiuoroscope for the 
diagnosis of tuberculosis and pneumonoconiosis. These tests have been 
described in several papers published in medical journals. In general 
these papers show an objective approach to the problem at hand. The 
conclusions are carefully stated in terms which cannot be misinterpreted 
by an intelligent reader. It is from work of this type that standards for 
diagnostic surveys must be constructed. Those who have made these 
carefully controlled tests are now in a position to judge accurately the 
relative merits of the methods under consideration. It may be supposed, 
however, that roentgenologists with less experience are less able to use 
these methods and that therefore their results may be less accurate. 

There are two questions concerning apparatus which is now used 
extensively for chest roentgenographic surveys which require further 
consideration: (/) Is roentgenographic paper used for many surveys 
because it is technically adequate, or because the methods developed 
for its use are fast and inexpensive? (2) Would the production of im- 
proved portable roentgenographic apparatus extend the usefulness of 
the diagnostic method? 

Roentgenographic paper, cut to 14 inch by 17 inch sheets and mounted 
in cassettes for exposure, is used relatively little. The greatest number 
of chest roentgenograms on paper are made with the special apparatus 
developed by the Powers X-ray Products, Inc. A roll of paper is loaded 
in a light tight container so arranged that 14 inch by 17 inch areas may 
be successively brought into contact with an intensifying screen in back 
of the panel before which the patient stands. After the roll is exposed 
it is processed automatically in a machine designed for this purpose. 
After drying it is once more rolled and placed in a special viewing device 
where each roentgenogram may be examined by the diagnostician. 
This method is convenient, time-saving and economical. In addition, 
the storage of the rolls of paper requires less space than the storage of 
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an equivalent number of single 14 inch by 17 inch films in envelopes. 
If the paper is adequate from the diagnostic point of view this general 
method satisfies all important requirements. On the other hand, if 
the paper is not adequate it would be logical to consider using roll film 
with the special apparatus devised by the Powers X-ray Products, 
Inc. It would then be possible to combine (/) the technically superior - 
qualities of roentgenograms on film, and (2) the time-saving and econom- 
ical methods now used for producing roentgenograms on paper in rolls. 

Portable apparatus at the present time lacks accurate means for 
timing the roentgen exposure, precise control of X-ray tube current 
and suitable means for varying in small steps the X-ray tube voltage. 
Perhaps before condemning the portable apparatus it would be worth 
while to construct an improved portable equipment which would possess 
the factors which are at present missing. The Moore School X-ray 
Laboratory has prepared specifications for such portable equipment. 
This apparatus would permit the variation of X-ray tube voltage at 
will in steps of one kilovolt. The X-ray tube current would be constant 
regardless of changes in line voltage. Exposure times of the order of 
0.25 second could be used. The apparatus could be packed into the 
back of a sedan by one person and could be set up and operated without 


difficulty by one person. If it is deemed advisable to develop this 
apparatus for use it can be done. 


CONCLUSIONS 


The authors believe that conditions have arisen which require the 
formulation of definite criteria for the choice of diagnostic X-ray methods 
for surveys. They believe that such criteria may be formulated by a 
Committee of the American Sanatorium Association in collaboration 
with representatives from the American Roentgen Ray Society and the 
Radiological Society of North America. A list of the relative merits 
of the various methods for diagnosing tuberculosis might be prepared. 
This would serve chiefly as a guide for health agencies and others who 
are interested in making mass surveys in order to detect cases which 
should be treated and to investigate contacts which may have caused 
these cases. The formulation of criteria of this nature depends in part 
upon technical factors, and these are presented briefly in this paper. 
It depends in much larger part upon questions which must be answered 
by diagnosticians. Perhaps through careful collaboration a group of 
roentgenologists might answer such questions in a clear concise manner 
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useful to those who are planning chest roentgenographic surveys. Some 
of these questions are listed below. 


(1) Is it better to survey a large number of possible cases by means of a low- 
cost method, or to survey a smaller number by means of a high-quality method 
which costs more? Or, is it better to combine two methods? 

(2) Under what conditions, if any, should the fluoroscope be used as a method 
of diagnosis? 

(3) Under what conditions, if any, should paper be used as the roentgeno- 
graphic material? 

(4) Are stereoscopic pairs or oblique views necessary in preliminary surveys? 
(5) Is there need for the development of portable apparatus which would 
produce comparable roentgenograms with an exposure time of 0.25 second? 
(6) Is there a place for companies like the Powers X-ray Products, Inc. and 
Precision Radiographs, Inc., who make roentgenograms in large numbers to 
be interpreted by the roentgenologist who employs these firms, to make the 
films? Under what conditions should one of these services be used instead of 
purchasing new equipment? 

(7) Is there a method whereby the diagnostician who plans to interpret the 
results of a survey might be examined to determine whether te is competent 
to do this work? 

(8) Is there need for the development of a fast roentgenographic method 
employing roll film? 
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AUXILIARY TECHNIQUES IN CHEST 
ROENTGENOGRAPHY'! 


CLARENCE J. ZINTHEO, Jr. 


Roentgenography of the chest, not unlike that of other parts of the 
body, is an art and a science. By science of chest roentgenography is 
meant the study of such things as exposure factors, selection of focal 
spots, use of the high-speed Potter-Bucky diaphragm, standardization 
of dark-room technique, selection of intensifying screens and other 
technical phases dealing with the production of the roentgenogram. By 
the art of roentgenography, on the other hand, is meant the management 
of the patient in different ways to reveal information of the greatest use 
to the diagnostician. This part ordinarily is considered rather simple 
and yet a compilation of the variations mentioned in a rather limited 
file of literature shows it to be much more extensive than at first thought. 
Knowledge of the various procedures and their special uses should be 
of value to the phthisiologist and aid his requests to the X-ray depart- 
ment for assistance. 


THE STANDARD POSITION 


A standard position for chest roentgenography has been widely ac- 
cepted and leaves but a few minor details for discussion. The patient 
stands or sits upright, facing the plate with the chin elevated over the 
top edge of the cassette or the approximate ledge of the cassette holder 
and rotates the scapulae as far as possible out of the lung fields. Where 
the cassette holder permits, this may be best accomplished by wrapping 
the arms of the patient around the cassette in front of him, thus not 
only pulling the scapulae outward but also increasing the stability of 
the patient in his position. Where conditions do not permit this, the 
hands are usually placed on the hips and the elbows rotated forward. 
When the hands are spread open on the hips with the thumbs forward 
and the fingers backward the clavicles are lifted slightly over the projec- 
tion in other positions and so tend to obscure partially the projection 
of the apices, for which reason this placing may be less desirable. A 


1 From the Firland Sanatorium, Richmond Highlands, Washington. 
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posture with the fingers well forward and thumbs back, or with the back 
of the wrist against the hips, is usually better. Between the latter two 
positions there is little to choose. That with the back of the wrist 
against the hips tends to throw the elbows forward, and so remove the 
scapulae from the fields more naturally, but unless the waist is deep 
there may be a tendency to slip off. With the fingers to the front and 
thumb back, the position is well settled if the technician is attentive 
to instructing that the fingers reach well forward, and careful that the 
shoulders are relaxed and dropped, for otherwise the patient may have 
a tendency to hunch them high and so raise the clavicle over the apices. 

In roentgenography for tuberculosis it is usually better to centre the 
tube to the 7th to 9th dorsal vertebrae, for in this direction the apex 
is more clearly projected above the clavicles. Where interest is focused 
on the bases of the lung and the apices are of secondary importance, 
centering on the third dorsal vertebra will better reveal a portion of 
the anterior costophrenic sulcus. 

If it is desired to study the posterior costophrenic sulcus in the standing 
position, a projection from anterior to posterior is used and the ray 
centred toward the suprasternal notch, but in this direction the ad- 
vantage of ray divergence in displacing the scapular shadows out of the 
pulmonic field is lost and it is seldom possible to eliminate some over- 
lapping. ‘This is one reason for the adoption of the dorsoventral as the 
standard projection. 

A focal film distance of five to seven feet is customarily employed for 
the standard position. Meyer (31) makes use of the principles of ray 
divergence and advocates closer distances to aid in the localization of 
pathological conditions by taking two films, an anteroposterior and a 
posteroanterior, on each patient at a three foot distance. When the 
principles of divergence are well understood and the difference in geo- 
metric unsharpness of these portions of the lung nearest to the film as 
compared to the shadows of those more distant is considered, this method 
of study has its advantages. Meyer demonstrates its value in defining 
an encapsulated effusion on one of his cases as being situated at the 
parietal pleura rather than being a concealed interlobar effusion. 

The best transillumination of the lung is obtained when the exposure 
is made at inspiration and consequently this phase has been adopted as 
the standard. A few experiments on transillumination conducted at 
this laboratory indicate that there is little difference between the density 
of the upper lung fields whether the exposure is made during moderate 
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inspiration or the chest be forced to its maximum expansion, but that 
there is considerable difference in the density of the lower lung fields be- 
tween the two conditions. It is suggested, then, that where the interest 
is directed to tuberculous infiltrations, considering the possible danger 
of rupturing newly formed fibrosis by forced inspiration, the patient be 
merely instructed to inhale and hold his breath rather than to stress 
deepest inspiration. 


STANDARD POSITION IN EXPIRATION 


A roentgenogram made in expiration is sometimes quite useful to 
demonstrate the presence of a small pneumothorax which would escape 
detection when exposure is made at the height of inspiration. In the 
paper by Greenberg (20) calling attention to this procedure, the illus- 
trations show its value beautifully. He attributes the superiority of 
the expiratory film to the fact that the volume of the pneumothorax 
remains practically constant during respiration while the area of the 
pleural sac is altered. The change in the surface area incident to respira- 
tion produces changes in the distribution of the pneumothorax with the 
layer of air about the lung becoming thinner on inspiration and thicker 
on expiration; where sometimes the shadow cast by a thin layer of air 
on inspiration may be obscured by the shadow of the lateral chest-wall, 
the thicker layer of air on expiration is easily seen. Because the mass 
of lung structure is projected over a smaller surface area at expiration 
than at inspiration, thus increasing the density which must be pene- 
trated, and perhaps because of other influences, it is necessary to give 
a slightly greater exposure to the expiratory than to the inspiratory 
roentgenogram in order to maintain equal film densities. The increase 
usually needed is from 2 to 5 KV. 

In the study of mediastinal shift in pneumothorax, Matson (29) 
advises the use of films in expiration. 

The expiratory roentgenogram, when compared with an exposure 
made during inspiration, may be used, according to Dehn (10), to detect 
the presence of pleural adhesions. He states that in the presence of 
adhesions the intrapulmonary shadows move during expiration in the 
same directions as that taken by the ribs, whereas without adhesions 
the movement is in a direction opposite to that taken by the ribs. 

The appearance of the vascular system varies with the degree of 
inspiration, and to prevent a faulty interpretation the diagnostician 
must have some idea of the respiratory level at which the exposure was 
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made. A simple way for determining the degree of inspiration at which 
a chest film was exposed has been worked out and described by Allen, 
Waltz and Hanner (1). The method consists of measuring the distance 
from the sternal end of the clavicle to the midpoint of the dome of the 
diaphragm and comparing this with the lateral chest width at the 
diaphragmatic level. When the clavicular-diaphragmatic distance 
equals two-thirds to three-fourths of the width of the chest the plate 
represents approximately complete inspiration, and when it is only half 
the width of the chest, complete expiration. 

Fray (16) calls attention to the fact that at maximum expiration the 
lower lungs are so deflated that the diaphragmatic shadows are nearly 
obscured in normal cases, but with emphysema it is a common finding 
that they remain brilliantly outlined due to the increase of residual air. 


DOUBLE EXPOSURE ON ONE FILM, ONE IN EXPIRATION AND 
ONE IN INSPIRATION 


To record the respiratory excursion of the diaphragm, Thomas (40) 
suggested that two exposures be made on the same film at each of the 
positions of maximum excursion. The technique for each exposure in 
this procedure is reduced in order to maintain the total density of the 


film within reasonable limits; a very light exposure is given at maximum 
inspiration, but with the diaphragm elevated during expiration its 
shadow protects that previously made and so greater intensity may be 
used on the second exposure made at forced expiration. Fray (17) 
modifies the method by using a brass filter to cover the lower half of 
the chest during the inspiratory exposure. Thomas reports that the 
technique has been very satisfactory in checking the movements of the 
diaphragm in postoperative conditions where the diaphragm has moved 
physiologically, but also suggests (41) that instances may arise where 
the diaphragmatic movement is slight, if any, or may be paradoxical. 
Under such conditions only one diaphragmatic outline is seen on the 
film and the observer may be at loss to know whether there has been 
an error in technique or whether some abnormal conditions are actually 
present. To obviate such confusion he designed a shutter grid con- 
sisting of strips of sheet lead, one-sixth of an inch in width, spaced one- 
sixth of an inch apart upon a sheet of aluminum and sloping at 45° toward 
the midline. This is mounted in a housing to be placed between the 
patient and the film, with appropriate stops to permit shifting of the 
shutter such an amount that in one position the shadow of the lead strips 
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will be superimposed upon a previous exposure through the window 
spacings. The device is placed between the patient and the film and 
exposure made at full inspiration. The grid handle is then drawn out 
to the appropriate stop and a second exposure is made at full expiration. 
The conglomerate mixture of densities which appear upon the developed 
film may be resolved by connecting positions of the diaphragm on al- 
ternating bands with a skin pencil. 

The pulmonic areas measured by a planimeter on the film obtained 
by exposures at two respiratory limits is used by Fray (17) in predicting 
the various levels of pulmonary ventilation which would be normal for 
the individual. Results so obtained compared with the values observed 
from spirometric measurements give data on the degree of respiratory 
impairment which may be of considerable use in tuberculosis, especially 
when surgical procedures are contemplated. 

The X-ray estimate of functional disability by measuring the areas 
at maximum inspiration and maximum expiration is also useful as an aid 
in the differential diagnosis of pneumonoconiosis. 


STANDARD POSITION BUT DENSE EXPOSURE 


In bronchography the difference in absorption between bronchi filled 
with radiopaque fluid and the adjacent structures is sufficiently high 
that a greatly increased exposure may be used to advantage because it 
not only gives better contrast, but it is also necessary to prevent a pos- 
sible loss of fine detail due to underexposure, or of shadows behind the 
diaphragm. An increase of three to four times over normal may well 
be used which may be most conveniently realized through doubling the 
time and adding 10 KV. Because on a bronchogram in the standing 
position attention is directed to the lower lung field, the tube should 
usually be centred high, say to the third dorsal vertebra. Parenchy- 
matous infiltrations are usually not of major interest during such a study 
and so the consequent burning out of the pulmonary structure is not 
objectionable. 

Some cases of tuberculosis show local areas of dense pathological 
conditions which are not sufficiently penetrated by the normal exposure 
to reveal possible hidden cavities. On these a roentgenogram made with 
from 10 to 20 KV increase over the normal may reveal conditions which 
would otherwise go unnoticed. Ordinarily an 8-inch to 10-inch film 
to cover just the region of interest will be sufficient for the purpose and 
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save the expense of a larger size, the major portion of which would be 
wasted. Jones (24) has called attention to the need of this procedure 
in discovering fenestration or defects of ribs which may simulate pul- 
monary cavities when the abnormality overlies a pulmonary lesion. 


DISSIMILAR EXPOSURE OF EACH HEMITHORAX 


The phthisiologist frequently meets conditions where the radiopacity 
of one hemithorax is different from that of the other. Thoracoplasties, 
large pleural effusions, massive atelectasis and similar conditions may 
require a large increase in a radiographic exposure to reveal underlying 
conditions. Frequently a better visualization of the lung structure 
may be obtained through a thickened pleura or dense lesions by a small 
increase in exposure over the normal. To obtain radiation quality cor- 
rect for each hemithorax, two films may be made using the correct 
conditions for each side, but because half of each film is wasted and 
because it is somewhat of a nuisance to have the extra film, numerous 
attempts have been made to permit taking the roentgenogram in such a 
way that proper penetration to each side is secured on one film. Deter- 
mann (11) Allison (2) and Wiese (45) suggest the use of metallic filters 
over the normal hemithorax to reduce the overexposure from an increased 
penetration used on the dense side. Gershon-Cohen (19) and Fuchs 
(18) have employed a plastic filter for this purpose mounted at the 
X-ray tube stand in such a way that it will reduce the radiation to half 
of the film. These measures suffer from two handicaps. Although the 
radiation to the normal hemithorax may be reduced in quantity to give 
the proper photographic density by filtering a high output of a harder 
quality, this gives films which are distinctly inferior from the standpoint 
of contrast. Also there is an appreciable degree of inflexibility to the 
method because the exposure increase must be balanced to the thickness 
of the filter used, and so it is necessary to employ only a prescribed 
increase or to maintain a considerable assortment of filter thicknesses. 

The method suggested by Sampson (34) consists of covering half the 
cassette with sheet lead while exposing the normal side and then placing 
the film in a Bucky with the other half covered and exposing the dense 
side to an increased Bucky technique. This obviates not only the above 
difficulty but takes advantage of the better results which may be ob- 
tained through dense structures when employing the Bucky to reduce 
the increased scattering. The appearance of films so obtained may be 
distracting to some due to the unequal sizes of the hemithoraces caused 
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by the unequal enlargement at different focal-film distances. Also 
the necessity of repositioning patient and X-ray tube for the two ex- 
posures on one film may be objectionable in a busy laboratory because 
it is time consuming. 

Perhaps the simplest and most flexible method of accomplishing dis- 
similar exposures of each hemithorax consists of a small shutter operating 
in one of the filter slots of the tube stand in conjunction with a rectangu- 
lar diaphragm which projects a cone of rays only slightly larger than the 
X-ray film (48). This shutter is so arranged that it will alternately cut 
off the rays from first one and then the other half of the film. By its 
use complete flexibility of exposure conditions is possible, varying from 
an increase of only 2 to 4 KV for a slightly thickened pleura to any 
desired heavy penetration on patients having one dense side. When 
this shutter is controlled by a string from the control room it is frequently 
possible to make the exposure of one side, shift the controls and the 
shutter and expose the other side in a period of less than 5 seconds while 
the patient holds one breath. When more time is needed there is no 
objection to allowing the patient to breathe between exposures so long 
as he does not change his position. Once it is prepared, this accessory 
is suitable for all cases where dissimilar exposures of each hemithorax 
is desired. 


STEREOSCOPIC EXPOSURES 


Stereoscopy has been extensively studied and a number of papers 
dealing with the conditions of making and viewing the exposures have 
appeared in the periodicals. It is not the purpose of this paper to 
introduce a discussion of the relative merits of flat films versus a stereo- 
scopic pair in the diagnosis of tuberculosis; Sante (35) Wessler and Jaches 
(44) and Exner and Rigler (13) have voiced opinions upon this subject. 
Aside from its value in the interpretation of lesions, stereoscopy is useful 
to the phthisiologist in localizing the depth of cavities or other intra- 
thoracic structures as a guide to surgical interference. A method 
whereby the actual depth of the cavity beneath the anterior and poste- 
rior ribs may be derived has been outlined by Johnson (23); it is a little 
too detailed for presentation here, but those who are interested may 
refer to the original paper. Precautions to be observed in preventing 
faulty interpretation have been investigated and discussed by Sweany, 
Kegerreis and Cook (39) by Wilsey (46) and by Ferguson (14). 
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STANDARD OBLIQUE POSITION 


Four oblique positions are standard for the demonstration of con- 
ditions which may not be clearly defined in the usual view. In each 
one the relationship of tube and film remains the same with the central 
ray normal to the plane of the film and the patient is rotated, usually 
45°, to the right or left from an anteroposterior or a posteroanterior 
position (36). Oblique views are best made with attention directed 
only to the hemithorax nearest the film, because of the increased un- 
sharpness and the distortion of the shadows of the other side. The 
plate divider can be used for making both an anterior and a posterior ob- 
lique exposure along side each other on a single film, which facilitates the 
study of the results and saves an extra film. 

In positioning for the anterior oblique position the hand of the side 
next to the film is placed on the hip and the shoulder is drawn back so 
that, with the body at an angle of 45° to the film, the anterior axillary 
portion of the hemithorax is against the plate. For the posterior oblique 
position the back of the wrist is on the hip to throw the shoulder forward, 
and the patient faces in the direction of the X-ray tube, with the body 
at an angle of 45° to the film and with the posterior axillary line against 
the cassette. Where two oblique views of one hemithorax are taken 
with the use of the plate divider, the arm on the side away from the 
film may be relaxed by the side, but if it is desired to show both sides 
of the chest, the distal arm should be held over the head to grasp the 
opposite ear or a part of the cassette holder. 

To serve as a guide in the accurate placement of oblique views small 
triangles may be cut from heavy cardboard; with the base against the 
cassette the hypotenuse across tne patients chest or back will define 
the position fairly accurately. If considerable work of this nature be 
done it may be more convenient to use the frame described by Banyai 
(4) which attached to the cassette holder guides the patient to the 
correct position. 

One of the most frequent needs for the oblique positions is to determine 
. pneumothoraces partially or wholly limited to the anterior or posterior 
aspect, and especially to study adhesions. As a preliminary for intra- 
pleural pneumolysis both an anterior and a posterior oblique roentgeno- 
gram of the affected side are necessary and should be routine procedures 
in order to reveal adhesions which cannot be seen in the posteroanterior 
position, and to show the true condition of an adhesion visible in the 
posteroanterior but which runs obliquely. Ellison (12) and Haight and 
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Pierce (21) call attention to this use of the oblique view, the degree of 
rotation for which should be determined in the fluroscope. They suggest 
that advantage be taken of the stretching of adhesions to their full 
length during expiration by making the exposure during maximum 
expiration, a procedure which will necessitate an increase of 2 to 4 KV 
over what would be given during inspiration. 

In the preliminary study of adhesions before pneumonolysis it is 
advantageous to make exposures in a number of slightly different oblique 
positions. At this institution, rotations of 15°, 30° and 45° are ordinarily 
used, the angles being controlled by the cardboard triangles mentioned. 
Stereoscopic films of the oblique position are also advocated and these, 
as well as flat plates, can be obtained with the divider at a saving of 
films by making the two exposures of one view with one half the film 
area covered, shifting the divider and resetting the cassette changer and 
then exposing the other position on the other half of the film. The 
oblique positions are also needed for the study of mediastinal hernia in 
pneumothorax; for this purpose it is necessary to expose the entire chest 
onto a single film. 

Pancoast and Pendergrass (33) state that the oblique view displaces 
the shadows of pectoral muscles, brings out the peaking of the domes 
of the diaphragm, and demonstrates slight thickening of the pleura 
which may be overlooked in the ordinary roentgenograms. This is 
particularly true in cases of asbestosis where thickened pleura largely 
accounts for the symptoms which are out of proportion to the parenchy- 
matous changes. 

Fray (16) uses the ratio of the transverse diameter of the chest in the 
posteroanterior to the left anterior oblique positions as an aid in the 
diagnosis of emphysematous deformity of the cage, which, at times, is 
a useful confirmatory sign. 

Sometimes the oblique positions are valuable in the differential diag- 
nosis of encapsulated pleural and interlobar effusions, especially if the 
most revealing angle is first determined fluoroscopically. At the same 
time it may be found that greater information is obtained by centering 
the tube higher or lower than normal. 


ANDRUS TECHNIQUE 


The Andrus technique (3) is an oblique exposure in which the plane 
of the film remains in contact with the anterior or posterior chest-wall, 
while either the tube is moved laterally a certain distance to give a 
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known angle of projection, or the patient and plate are both rotated 
from the perpendicular to the central ray. The advantage of the Andrus 
technique lies in the ease of obtaining a high degree of precision for 
positioning to any desired angle of rotation. Accuracy of rotationallows 
the exposure to be made at the correct angle to disclose the fullest amount 
of otherwise hidden pulmonic fields near the margin anterior to the 
mediastinum and in the paravertebral fossae. 

Differences in shadow projection determine to a large extent whether 
the oblique exposure should be made with the standard method or by 
the Andrus technique. With the film remaining perpendicular to the 
central ray and the patient rotated, except for the slight enlargement 
of shadows caused by ray divergence, magnified distortion cannot be 
obtained and pneumothorax adhesions, for example, are not seen longer 
than they really are, although in all but one critical position they will be 
foreshortened, whereas with the Andrus technique adhesions can be 
either foreshortened or magnified, depending upon the geometrical 
arrangements, an effect which may sometimes be undesirable and some- 
times advantageous. On the other hand, when the film remains parallel 
to the frontal plane of the patient’s body, the structures which are 
parallel to this same plane are projected in nearly their normal relation- 
ships; with the Andrus technique the trachea and the main bronchi are 
seen in nearly true posteroanterior projection, but without the shadows 
of spine and sternum superimposed to confuse the picture. Because 
this projection gives such a beautiful picture of the tracheal bifurcation 
instead of the overlapping of bronchi obtained with the standard oblique 
views, it is much preferred for the study of tracheal and bronchial sten- 
osis, of peritracheal and peribronchial adenopathy, especially after 
calcification has started, of the carina and of the angular relationships 
between the trachea and the main bronchi. 


LATERAL VIEW 


The shadows of the mediastinal structures and of the lung most distant 
from the film, superimposed upon that of the lung next to the film, when 
exposed in the lateral view so confuse and obliterate the markings that 
a study of fine detail in this position is usually of little value, but where 
gross changes are to be studied this view is so useful that it should be 
frequently employed. 

In exposing the lateral view the patient is usually instructed to cross 
his forearms so that each hand grasps the opposite elbow and then to 
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raise them so that they lie across the top of his head. He is then placed 
in the true lateral position with the body centred to the film and is told 
to straighten his body so that the spine is in as nearly normal contour 
as possible. The affected side rests against the film to aid in support and, 
when available, a compression band may be drawn across the chest to 
stabilize an unsteady posture. Where much lateral roentgenography is 
done it might be better to fasten a short bar rigidly, protruding outward 
from the cassette holder sufficiently high above the patient’s head that 
the patient must stretch his arms upward to reach it. When firmly 
grasped with both hands this should aid in holding the patient steady and 
permit a more comfortable posture and a complete removal of the arm 
and shoulder shadows from the lung field. It is usually stated that an 
increase of four times over the standard posteroanterior exposure is 
required for laterals, but this may vary somewhat with the character 
of the normal; if low voltage is used an increase of at least 10 KV may be 
needed for the lateral in addition to a three- or four-fold increase of time. 

It should be noted that when the body is in true lateral position and 
centred to the plate so that the central ray passes through midway 
between the anterior and posterior surfaces, the projection of the poste- 
rior ribs on the side most distant from the film will not superimpose 
the shadows of those nearer to the film, but will usually be about 2 to 3 
cm. farther out. 

Usually cavities in nearly all parts of the lung, except in the very apex, 
may be demonstrated in the lateral view and so defined as to their depth 
in the chest, which information is of decided value to the thoracic surgeon 
preceding operative measures. The lateral view is also extensively used 
to localize gross lesions in a lobe or to differentiate between dense lobar 
and interlobar shadows. This purpose is well illustrated by Levitin 
and Brunn (27) by Warfield (42) by Hampton and King (22) and by 
Stivelman (38). In the study of interlobar effusions it may be best 
to examine the patient with the fluoroscope first to determine at what 
height the X-ray tube will best project the shadows. The lateral posi- 
tion is also useful for revealing enlargement of the lymph nodes in front 
of and below the bifurcation of the trachea and to demonstrate atelectasis 
of the lower lobe. It is necessary for a complete study of the diaphragm, 
especially for the visualization of small pleural] effusions and adhesions. 
Empyema pockets injected with lipiodol should be studied in the lateral 
as well as in other positions. A lateral exposure in addition to others 
is usually considered essential for a complete bronchographic study. 
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FLEISCHNER POSITION 


In the lateral exposure an interlobar effusion of considerable quantity 
can be recognized as an oblong or ovoid shadow running obliquely down- 
ward and outward from the lung root, seen through the cardiac density. 
But if the effusion is small, or if there are considerable lesions over- 
shadowing the region, it will not be visualized. A valuable method of 
projecting a shadow of interlobar effusions with the rays tangential to 
the plane of the septum, but without obfuscating the shadows of the 
heart or lesions in the contralateral lung, has been described by Waters 
(43) who ascribes its origin to Fleischner. In this position the patient 
stands away from the film, which is held vertical and perpendicular to 
the central ray, and faces the tube and then bends backwards in an 
extreme lordosis until the back of the neck rests on the upper edge of 
the cassette and the body slopes forward at an angle of about 45°. An 
exposure of from two to three times the normal is then made. 

Although the angle of the plane of the interlobar septa with the body 
axis is not constant in all people, a slope of 45° will usually be satisfactory 
for the purpose; a small triangle of cardboard fitted with one edge against 
the cassette and the hypotenuse against the patient’s back will aid in 
obtaining the correct slope. If the volume of work justifies, a sloping 
frame, such as is illustrated in Waters’ paper, against which the patient 
reclines, may be hung on the cassette holder. Where more precise 
angulation is desired a preliminary study with the fluoroscope is indicated. 

In the standard position an interlobar effusion will cast a shadow of 
apparent consolidation with the hazy edges fading out into the surround- 
ing tissue, but in the Fleischner position it will appear as a triangular 
density with the base toward the hilum and apex in the midlung field, 
the edges of which are sharply defined. 

This technique has also been described by Miller (32) who calls it 
the McNeil position. 


BAUM’S APICAL TECHNIQUE 


The phthisiologist not rarely sees a routine film which suggests the 
possibility of infiltration or even small excavation obscured by the super- 
imposed shadows of the clavicle and ribs. An exposure made in such 
cases with the Baum technique (5) will definitely rule out or demonstrate 
the presence of a condition which is otherwise uncertain. The apical 
position is only occasionally called for, but on those cases in which it is 
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indicated the information obtained is of considerable value. The first 
apical film that reveals a much more extensive involvement beneath the 
shadow of the clavicle than that suspected from the normal exposure 
may be quite startling. Baum also feels that the position is routinely 
indicated in the study preceding intrapleural pneumonolysis. 

To make the exposure, the patient sits on the table resting his back 
against a wooden “pillow” sloped at a 50° angle, holding by the weight 
of his body a medium sized film crossways and high up beneath the back. 
The central ray is then directed at an angle of 10° from the vertical 
toward the suprasternal notch. The exposure made with this posture 
throws the shadows of the clavicle entirely above the lung fields and 
tends to concentrate markings in the lung by foreshortening them, thus 
not only revealing but accentuating faint shadows which otherwise 
might be obscured. 


THE PATIENT RECUMBENT 


Cases are met in which it is necessary to make the exposure in the 
supine position because the patient is too ill to sit up or because of recent 
haemoptysis. The differences in the normal lung markings with the 
patient recumbent as compared with the patient standing make it 


necessary to be cautious in the interpretation of the finer shadows on 
films of recumbent patients, but gross morbid changes, such as a pneu- 
monic reaction, an atelectasis and the shadows which sometimes indicate 
from which side a haemorrhage comes, will often be of sufficient value 
to justify the comparatively slight disturbance of the patient necessary 
to make such exposures. With the lessened ventilation in recumbent 
posture a slight increase in exposure technique of the order of 2 to 4 KV 
or a small change in time is usually needed. 

The value of this position in shifting an unusual pleural effusion, 
simulating the diaphragm, so as to reveal the normal diaphragmatic 
contour is demonstrated by Yater and Rodis (47). When women with 
heavy breasts lie on their backs the mass of tissue flattens out over the 
chest and toward the side so that plates taken in supine posture will 
often reveal light infiltrations in the basal part of the lungs which might 
be obscured by the increased exposure necessary to pénetrate that 
region when the patient is standing. 

Bronchographic study of the middle and upper lung regions are satis- 
factorily made with the patient supine. If the oil be injected with the 
patient recumbent and slightly rolled to the affected side a film may be 
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placed on the table onto which he may roll over with very little dis- 
turbance for the exposure. 

Korol (25) uses the prone position with tubes centred over the last 
rib to visualize the lower lung line as an aid in the study of emphysema 
with or without contralateral atelectasis or fibrosis. 


LATERAL DECUBITUS 


With the patient radiographed while reclining in lateral decubitus, 
advantage is taken of the force of gravity to shift fluid or sometimes the 
heart to a different position than that occupied while the patient is 
standing, and thus revealing shadows that are otherwise obscured. 
When the exposure is made with the afflicted side down small pleural 
effusions which otherwise would be hidden by the diaphragm come into 
view, and it is sometimes found, as demonstrated by Brown (9), that 
such effusions are actually considerably larger than appeared. Bowen 
(8) and Korol and Scott (26) also advocate this method for studying 
pleural effusions. To make the exposure, the patient lies on his side in 
true lateral decubitus having either pillows, or better, the platform 
devised by Brown, to raise his body off the table and leave space for the 
shoulder. It is important that the cassette be low enough to include 
all of the lung field on the film and not to cut off the margin to which 
interest is directed. Brown’s platform automatically takes care of 
this, but where this is not available it sometimes helps to place the 
patient up to the outer edge of the table so that the cassette may be 
held low; he may be supported by an attendant. His arms are wrapped 
around the cassette and the central ray directed toward the upper dorsal 
vertebra. In this position the recumbent lung is relatively small and 
airless while the upper is emphysematous so that the densities of the 
two hemithoraces on the roentgenogram are not equal: where attention 
is directed to the upper lung a decrease of 2 to 4 KV from the standard 
technique should be made in the exposure, while if the lower is under 
consideration, an increase of 4 to 6 KV should be given. 

When the affected side is up the heart and mediastinum tend to shift 
away from the involved side, thus revealing areas which might have been 
obscured, while if fluid is present it shifts away from the lateral margin 
of the chest to permit study of this region and the outer part of the 
diaphragm. In hydropneumothorax this procedure may sometimes 
demonstrate only partial collapse of the lower lung which, when covered 
by fluid in the standing position, might have been assumed to be com- 
pletely compressed. 
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The relatively emphysematous condition of the upper lung in lateral 
recumbency gives, according to Korol (26), a clear outline of cavities, 
small pneumothoraces and tumors, while re-aeration of localized atelec- 
tatic areas accompanying pathological foci better reveals the under- 
lying lesions. 

The lateral decubitus position is used, with slight modification, for 
bronchography of the upper lobe of the dependent lung by the transnasal 
method of Forestier and Leroux (15), the roentgenogram being exposed 
immediately after the injection is completed without disturbing the 
patient. 

Examination of patients with selective pneumothorax in this position, 
with the affected side up, have revealed such significant changes to Blady 
and Cohen (7), that they believe that the “present day concepts of 
so-called selective pneumothorax must be modified.” But even more 
important, the administration of pneumothorax treatment under fluoro- 
scopic guidance in lateral decubitus has proved of inestimable value 
in difficult cases and permitted continuation of treatment which other- 
wise would have been discontinued. 

Matson (30) studies oil injections to stiffen a labile mediastinum in 
pneumothorax with herniated lung, by exposing in the lateral decubitus 
with the pneumothorax side up. 


MISCELLANEOUS SPECIAL METHODS 


In some disease processes of the lung the position of the diaphragm 
may be obscured or uncertain unless special methods are employed. 
For instance, patients have been met with in whom the success of phrenic 
surgery on the left side could not be proved due to dense shadows in the 
lower part of the chest, but repeated operation was avoided by giving 
Seidlitz powders. The gas liberated in the stomach outlined the lower 
surface of the diaphragm and permitted the necessary tests and observa- 
tions. This diagnostic aid has also been mentioned by Stewart and 
Illick (37) who have recourse to a barium meal when the powders fail. 
These authors also use diagnostic pneumoperitoneum and pneumothorax 
in difficult cases, a procedure they find especially valuable in the presence 
of tumor masses. 

The Trendelenburg position is mentioned by Henri Beclére (6) as very 
useful in the study of thoracic effusions, of the heart and of mobility 
of the diaphragm and as an aid in judging the extent of certain cavities. 

Empyema pockets may be injected with radiopaque fluids such as 


. 
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lipiodol and skiagenol and the patient examined in supine, Trendelen- 
burg and lateral decubitus positions to show the extent of the pocket. 
Matson (28) finds that the injection into pneumothorax pockets with 
subsequent postural examinations is a distinct aid in differentiating 
pneumothorax with adhesions from large uncollapsed cavities. 
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ROENTGENOGRAPHIC FEATURES OF TUBERCULOSIS 
IN BONES AND JOINTS! 


CHARLES G. SUTHERLAND? anp ERCELL A. ADDINGTON? 


Tuberculosis of bones is a metastatic (secondary) process, resulting 
from the implantation of the tubercle bacillus, or more commonly, from 
the lodging of an embolus of tubercle bacilli, in that portion of a bone 
which offers the most favorable conditions for the development of the 
bacilli. The generally accepted opinion is that the primary tuberculous 
infection results from the inhalation of droplets of infected sputum, 
disseminated by persons suffering from open pulmonary tuberculosis, 
or that the infection results from the ingestion of tubercle bacilli in the 
milk of tuberculous cattle. The greatest number of primary tuberculous 
infections occur among infants and children and are situated in the lungs. 
Infection may occur in the intestines, in the skin of the genitals as a 
result of ritual circumcision, in the middie ear, in the parotid gland, in 
the nose, in the conjunctiva or in the tonsils, but such occurrences are 
comparatively rare. Congenital infection cannot be disproved, but it 
is so rare that it may be dismissed as having no practical application. 
Harris (8) thought that infection of bone from a primary focus in the 
tonsil was more frequent than is generally appreciated. 

One needs but to mention the following sequence of events in the de- 
velopment of the pulmonary lesion: the implantation of the tubercle 
bacillus, the formation of the tubercle and the primary allergic reaction 
about it which results in a bronchopneumonic focus. Coincidently 
with, or immediately following the development of the pulmonic infec- 
tion, occurs the involvemént of the regional lymph nodes through cen- 
tripetal conveyance of the infection by the lymphatics, the two processes 
together constituting the primary complex. Patients who have tuber- 
culosis of bone probably are those who have survived the various stages 
of the primary infection; in the majority of cases the lymph nodes remain 
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as the sole indicator of the healed primary complex (Ghon) which is 
difficult to recognize; a proportion of the patients show evidence of 
secondary pulmonary infection (adult pulmonary tuberculosis), a few 
have active tuberculosis, but the majority have healed tuberculosis. 

Apparently, much the same sequence occurs when the primary focus 
is elsewhere than in the lung, because the end result is always mediastinal - 
adenitis when the infection occurred by the aerogenous route, or a 
mesenteric adenitis when the infection occurred by the enteric route, or 
a cervical adenitis when the infection occurred by way of the pharynx, 
or some other form of regional adenitis when the infection was cutaneous. 

Investigation has proved that encapsulation of tubercle bacilli, even 
by calcification, does not kill them, and also that the bacilli may remain 
for a long time in the tissues without producing gross or even micro- 
scopical changes. When the equilibrium between the immunity caused 
by the primary tuberculous infection and the natural resistance of the 
individual is disturbed as a result of any known or unknown cause, often 
as a sequel to some intercurrent infection, bacilli can become mobilized 
and cause secondary lesions. 

The situation of the lesion in tuberculosis of bone is related to the 
architecture of the circulatory system. The tubercle bacilli reach the 
blood-stream by means of the thoracic duct, or by rupture of a caseating 
mass in a tuberculous lymph node, or of a tuberculous area in the lung 
into a blood vessel. In the great majority of cases the bacilli are effec- 
tively disposed of, but occasionally a bacillus, or a group of bacilli, reaches 
some distant organ or part of the skeletal system where between two 
sources of blood supply there is a slowing of the current favoring stasis 
and lodgment of this infectious material. Kolodny (9) reviewed the 
various theories supporting this haematogenous method of secondary 
infection and presented the results of his own investigations. He be- 
lieved that the anatomical facts spoke in a simple and positive way for 
the embolic theory of the pathogenesis of tuberculosis of bone. Ely 
(4) pointed out that all through the body the lymphoid tissues were the 
great feeding ground for the tubercle bacillus. Tuberculosis, for this 
reason, was found in the spongy ends of the long bones, where the marrow 
was of the lymphoid variety; it was not found in the short and flat bones 
throughout the body. Except in young children, the marrow in the 
shaft consists of little else than fat, which is a poor culture medium for 
the tubercle bacillus. The presence of the lymphoid marrow in the 
region of the joint seems to depend, at least in the adult, largely on 
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the presence of function in the joint. The presence of the synovial 
membrane depends absolutely on the presence of function in the joint. 
Nature’s whole protective reaction is in the direction of depriving the 
joint of function, in other words, of destroying it. Ely considered that 
the end result of treatment, such as immobilization in the case of children, 
and heliotherapy, passive congestion, and so forth as auxiliary measures, 
and complete and permanent destruction of the joint and avoidance of 
secondary infection in the adult, was efficient proof of his theory. The 
disease may start in either the lymphoid marrow or in the synovial 
membrane, and later may involve either of these structures, or it may 
remain indefinitely in one of them alone. If it remains in the marrow 
and does not involve the synovial membrane, it is, strictly speaking, 
not a tuberculous arthritis but simply a tuberculous osteomyelitis, but 
if it ever attains sufficient importance to cause clinical symptoms it 
almost invariably involves the joint. 

Greig (7) found that secondary involvement of the bone was com- 
monly epiphyseal, in contrast to the invariable occurrence of the acute 
septic process at the metaphysis (the spongy end piece of the diaphysis 
that borders on the epiphysis). He considered tuberculosis of bone 
as essentially a disease of childhood and adolescence, although it might 
become manifest at any age and even in senility. In older persons it 
can often be proved to be a recrudescence of an affection that had re- 
mained latent even during many years. 

The outstanding roentgenographic characteristic of tuberculosis of 
bone is the translucency of the bony shadow without evidence of prolifer- 
ation of bone (reaction). Greig wrote: 


When the tuberculous affection begins in the diaphysis it may be periosteal 
but more frequently is endosteal or medullary. Of the long bones the tibia is 
probably the most commonly affected. The process by which the portion of a 
diaphysis affected with tuberculosis changes from its normal shape to a thin- 
walled fusiform expansion is not generally appreciated. There seems to be an 
idea that the bone is distended by pressure of the tubercles from within. As 
bone is a rigid structure such a supposition is manifestly absurd. The presence 
of tubercles, their bacilli and their toxins within the marrow cavity or within 
the haversian canals or even on the surface, acts as a foreign body and as such 
provokes a histamin-induced hyperemia. When the hyperemia reaches a 
certain degree, a consequent decalcification follows with proliferation of fibro- 
blasts. The bone becomes soft and the softened tube now re-accommodates 

itself to its contents and with this relief the hyperemia diminishes and at once 
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the local excess of calcium is utilized to form new bone. With the variation 
of intensity of the hyperemia, decalcification and recalcification alternate, yet 
proceed synchronously, throughout the affected part, and the gradual read- 
justment which takes place is greater at the middle than at the extremities of 
the affected portion and so continues until, it may be, the whole diaphysis 
participates. A sequestrum is not common in tuberculous disease because of . 
the increase of peripheral hyperemia which the tubercle provokes and of the 
degree of periosteal hyperemia which it excites. Hyperemia is essentially a 
decalcifying agent. The tuberculous process commencing within the marrow 
cavity, the zone of increased vascularity around the disease rapidly decalcifies 
the cancellous bone. Should minute spicules or fragments of the trabeculae 
escape decalcification they may find their way into an avascular purulent or 
caseous area of fused tubercles where they remain as fine gritty particles. In 
some forms of infiltrating tuberculous osteomyelitis, however, larger areas of 
bone may be more or less isolated, and in the short long bones the whole body 
of the bone may be thus affected. Even then the so-called necrotic bone lies 
in a mass of tuberculous granulation tissue and in virtue of the granulation 
tissue is undergoing rapid decalcification. It never forms a true sequestrum, 
a dead homogeneous entity, unless sepsis be superadded. In the absence of 
sepsis any dead osseous tissue will be effectively dealt with by the inflammatory 
process and will ultimately disappear, its decalcification providing an immense 
amount of local excess of calcium which goes to form the light porous fusiform 
involucrum standing well away from the necrotic shaft, so characteristic of 
tuberculous dactylitis. Subperiosteal, serous edematous effusion takes place 
and raises the periosteum from the bone (more easily in the middle than at 
either extremity) ensuring the fusiform shape so frequently found in tuber- 
culous phalanges, metacarpal and metatarsal. As the periosteum reaches the 
limit of its expansion, the stretching diminishes its vascularity and the great 
local excess of calcium is again available for the formation of bone. The new 
bone is nodular and porous and forms a cylindrical or fusiform sheath enclosing 
the remains of the original body of the bone in which decalcification is pre- 
ceding obliteration. This sheath is at the periosteum because there, and there 
only, in the diseased bone can there be the necessary combination of adequate 
blood supply and excess of calcium salts, but it is not formed by the periosteum. 
That new bone is subperiosteal does not mean that it is periosteal in origin. 
In children the tuberculous process seems to be more rapid and acute, doubt- 
less the hyperemia is more intense and possibly suppuration more readily occurs, 
and so the formation of cloacae and sinuses from the superadded septic infec- 
tion. A leash of vessels, comparable to the pannus of the cornea, and not 
inaptly termed “articular pannus” is a common feature on the cartilaginous 
surfaces of the tuberculous joint. This ‘is a vascular intrusion with very few 
fibroblasts which precedes the tubercle and which in virtue of its hyperemia 
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prepares by liquefaction and destruction of the cartilages, the way for the 
tuberculous extension (not exactly tuberculous granulation). And so under 
the cartilages the tubercles can only spread after a vascular intrusion has decal- 
cified the bone and softened the overlying cartilage. But the dedifferentiation 
of cartilage is slower than the decalcification of bone, and so the encrusting 
cartilage is isolated as flakes and masses lying in the vascular zone which has 
decalcified the bone and which will in time destroy the cartilage. As long as 
hyperemia is great, new bone is not formed nor does ankylosis take place. But 
in time the hyperemia diminishes, partly from endarteritis narrowing the ves- 
sels and partly from perivascular fibrosis and then the local accumulation of 
calcium is utilized, the surface becomes nodular, ankylosis takes place and the 
tuberculous arthritis has undergone “spontaneous cure.” Toxic endarteritis 
of tuberculosis is a late affection. In tuberculosis and sepsis, a periarterial 
fibrosis is an important local adjunct and indeed may be the chief determinant. 


Phemister (11) in 1924 made some interesting observations on the 
effect of pressure on articular surfaces in pyogenic and tuberculous 
arthritis. These were summarized in a second communication in 1933 
(12). Whether the metastatic implant was in the bone or in the 
synovial membrane, a diffuse tuberculous synovitis eventually developed 
and the pannus attacked the cartilage. In some joints the articular 
cartilages fit accurately together, while in others, particularly the knee, 
they are of different contour, so that there are large areas of both free 
and contacting surfaces. In joints in which the articular surfaces are 
extensively in contact (for example, the hip and ankle) the action of the 
pannus is restricted but the surfaces of the cartilage are destroyed to 
some extent by erosion at the margins. In joints in which there are 
both free and contacting surfaces of cartilage, the free cartilage is grad- 
ually eroded. As the disease progresses, the articular cartilages suffer 
from nutritional disturbances and from the action of the pannus. The 
persistence of the loosened cartilage was attributed for a long time to 
the absence of proteolytic ferments in tuberculous exudate. At this 
stage the roentgenological characteristics in the hip and ankle are re- 
gional atrophy of bone, reduction of or loss of density of the shadow of 
the bony articular cortex, and the preservation of the normal width of 
the cartilage space of the joint. In the knee, because the entire thick- 
ness of cartilage and underlying cortex of the bone in a part or the whole 
of involved regions may be destroyed, the roentgenographic image would 
show regional atrophy of bone, diminution of or loss of the shadow of 
the bony articular surface in the noncontacting regions and preservation 
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of the shadow of the bony articular cortex and of the cartilaginous space 
in the contacting regions of condyles and tuberosities. Eventually, the 
entire articular cartilages may be destroyed. This will result in a nar- 
rowing or complete loss of the intercartilaginous space of the joint. In 
the advanced stages, the bone may be secondarily invaded at the traum- 
atized points of contact and weight-bearing will result in large areas © 
of necrosis. The invasion is usually bilateral at opposite points in the 
bone; after a long time detached areas result in kissing sequestra. The 
roentgenological characteristics of regions of secondary invasion and 
necrosis of bone are more or less conical or hemispherical shadows of 
bone bordering on the weight-bearing portion of the joint, with an 
incomplete line of demarcation about it, and usually there is a shadow 
that is denser than the surrounding living bone. Usually, the shadow 
of the bony articular cortex of normal or reduced density is preserved 
and the condition is bilateral, which produces the picture of kissing 
sequestra. In some instances the dead bone is completely destroyed, 
and pits and grooves are left along the articular surfaces. An original 
focus in the bone bordering on the joint, if small, may break down and 
leave a pit or cavity. A large focus becomes separated as a sequestrum 
and retains its original density. 

In tuberculous arthritis of young children the pathological changes 
vary somewhat from those in tuberculous arthritis of adults. In the 
larger joints, and in particular the knee, where there are relatively thick 
articular cartilages, destruction of the noncontacting portions is less 
complete in children than it is in adults. The articular cartilage is not 
frequently detached and left free in the joint. In the smaller joints with 
thinner cartilages and in older children, the course is more nearly like 
that in adults. Partitioning of the knee joint by healing processes 
occurs oftener, and different degrees of involvement within the partitions 
are more pronounced in children. The original focus in bone that can 
definitely be identified, either by the roentgen rays or at operation, is 
more frequently situated in the metaphysis than in the epiphysis. Sec- 
ondary invasion of bone is usually bilateral in the joint and is most 
marked at the points of weight-bearing much as it is in adults, but it 
usually results in destruction rather than sequestration of the necrotic 
bone, regardless of the extent of the involvement. 

Kolodny compiled 35,000 cases of tuberculosis of bone and joint from 
the literature and found the percentage of incidences to be: vertebral 
column, 39.1, hip 31.4, knee 15.0, and wrist 1.7. He found a similar 


ROENTGENOLOGY OF BONE TUBERCULOSIS 37 


parallelism between the frequency with which certain skeletal regions 
were affected and their blood supply. In the shoulder the implantation 
was usually found in and about the sulcus bicipitus humeri, and the 
process extended to the medial aspect of the head, to the tuberculum 
majus humeri and even to the diaphysis. The infectious focus in tuber- 
culosis of the knee in children was situated in the epiphysis of the femur 
in 59 per cent, in the epiphysis of the tibia in 34 per cent, and in the 
patella in 7 per cent of cases. The lateral epicondyle of the femur was 
the most frequent site, the medial condyle next, and the intercondyloid 
notch was the least frequent site of infection. The first evidence of 
tuberculous involvement of the hip joint was in the synovial membranes 
in adults and in the bones in children. Kolodny found that it was in 
the acetabulum in 57 per cent, in the head of the femur in 25 per cent, 
and in the neck of the femur in 18 per cent of cases. The most frequent 
site of commencement of synovial tuberculosis was the fossa acetabuli, 
the origin of the ligamentum teres femoris, while tuberculosis of bone 
originated about the middle of the Y-shaped cartilage. 

In a necessarily brief review of this subject we have been able to 
present only the outstanding features by which the roentgenographic 
image, which is in fact a reproduction in relief of the normal and the 
abnormal tissue structures, can be recognized. A bibliography is ap- 
pended which includes data on the less commonly observed types of 
tuberculous involvement of the skull, the clavicles, the trochanters, 
the femur and the ribs. Tuberculosis of the spinal column was not 
included in this study because of the limitations of time and space. a 
Osteitis tuberculosa multiplex cystica is most frequently associated with \ 
cutaneous tuberculosis; in other reported cases there would seem to be 
some doubt as to the classification. Greenwood (6) found tuberculosis 
of the ankle joint so subtle in onset that, as a rule, little could be ascer- 
tained about its true genesis. Beginning usually in the astragulus or 
os calcis, less frequently in the cuboid, the disease is often overlooked 
at its inception. 

In general, rarefaction with little or no evidence of reaction of tissues 
and a clouding of any joint due to effusion should at least arouse a sus- 
picion of tuberculosis as the aetiological factor. 
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HERNIA OF THE LUNG!? 
Intercostal, Cervical and Mediastinal 
EPHRAIM KOROL* 


Definition: Hernia of the lung is a protrusion of the lung and its 
pleural membranes either through the chest-wall outward or through the 
mediastinal septum into the opposite hemithorax. 

Hernia is to be distinguished from prolapse of the lung. In the latter 
condition, the parietal pleura is ruptured and there is no hernial sac. 

Classification: Until now, lung hernias have been classified, according 
to location, into cervical, intercostal, and diaphragmatic hernias. Medi- 
astinal lung hernias have heretofore not been given recognition, at least 
they are not included in the classification, and I find but one case of 
this form of hernia described in the literature (1). However, this is 
the most common form of lung hernia and is increasing in frequency 
with the practice of artificial pneumothorax. After pneumothorax 
refills are discontinued and the treated lung fails to expand, the pressure 
is very low on the treated side; the opposite lung is then gradually drawn 
across the midline through certain localized “weak spots” in the medi- 
astinal septum. The recently introduced operations of lobectomy and 
pneumonectomy are also destined to increase the incidence of this form 
of hernia. 

I, therefore, propose that mediastinal lung hernia be included in the 
general classification of lung hernias. On the other hand, there seems 
no reason to retain the classification of diaphragmatic lung hernia. The 
literature does not contain a single case of diaphragmatic lung hernia, 
that is, a protrusion of the lung and its intact serous membranes into 
the abdominal cavity. The oft quoted case of Beale (2) upon examina- 
tion proves to be a case of lung prolapse rather than hernia. A con- 
sideration of the pressure relations involved indicates that in all cases 


1 Presented at a session of the Clinical Section at the 33rd annual meeting of the National 
Tuberculosis Association, Milwaukee, Wisconsin, June 1, 1937. 

? Published with the permission of the Medical Director of the Veterans Administration 
who assumes no responsibility for the opinions expressed or conclusions drawn by the author. 

? Veterans Administration Facility, Lincoln, Nebraska. 
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of congenital or acquired defects of the diaphragm, herniation can 
occur only from the abdomen into the chest and not from the chest into 
the abdomen. 

Pathogenesis: As in all other hernias, the bulging takes place either 
through a preformed or newly formed channel in the chest-wall or medi- 
astinum. The preformed channels are: (1) the apical aperture of the 
chest; (2) the anterior mediastinal weak spot, the space between the 
sternum and the heart at the site of the atrophied thymus gland; and 
(3) the posterior mediastinal recesses between the oesophagus and the 
aorta below the level of the trachea and the arch of the azygos vein. 

The anterior interpleural space is normally occupied by fatty and 
loose areolar tissue which offers little resistance to displacement by 
increased intrathoracic contents on one side or decreased contents on 
the opposite side. The anterior mediastinal septum may bulge outward 
and may come to rest in the axilla, allowing the upper lobe of the invad- 
ing lung to occupy the entire anterior aspect of the opposite chest. In 
such cases an attempt to induce a pneumothorax on the contracted side 
of the chest may result in a collapse of the opposite lung, the needle 
entering the pleural cavity of the herniated lung. One such case, abun- 
dantly illustrated, was reported by Derscheid and Toussaint (3). An 
attempt to collapse the left lung resulted in a pneumothorax on the 
right side and no pneumothorax on the left. The roentgenogram shows 
the left lung greatly contracted, while the right lung had hypertrophied 
and invaded the left side in the form of a hemispherical bulging, which 
nearly touches the left lateral chest-wall. Lipiodol injected through the 
left axilla is seen to flow into the right side of the chest. 

This curious complication of artificial pneumothorax, that is, the pro- 
duction of an unintentional pneumothorax on the contralateral side, 
was reported by several other writers (4, 5, 6, 7), and was generally 
interpreted as due to an interpleural fistula. In the one case that was 
examined postmortem, no such fistula was found (4). I reviewed all 
these cases and I am convinced that no interpleural communication was 
present in any of these cases. In all of them there was clear X-ray 
evidence of mediastinal lung hernia. The operator’s needle introduced 
on one side of the chest entered the pleural cavity of the opposite lung; 
as a result, the pneumothorax was produced not on the desired side but 
on the opposite side. 

In the posterior mediastinum the oesophagus is the only organ which 
runs the entire length of the chest and which sends no branches to other 
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structures; it is, therefore, easily displaced by pressure changés. In the 
cervical region the oesophagus follows the trachea in all conditions which 
cause deviation of the trachea. In case one lung apex is contracted, the 
trachea moves forward and to the contracted side, accompanied by the 
oesophagus. The opposite apex hypertrophies and crosses over the spine 
back of the oesophagus. This deviation of the trachea is familiar but 
the accompanying forward and lateral movement of the oesophagus is 
not well known. It can be easily demonstrated by appropriate X-ray 
examination. In the routine chest films the inner border of the enlarged 
lung apex can be seen in the opposite hemithorax. 

The oesophagus is most easily displaced in the lower part of the chest 
where it normally parts company with the aorta and turns forward and 
to the left to reach the stomach. Any bulging of the lung or mediastinal 
pleura will invade the opposite hemithorax in this space between the 
oesophagus and aorta. The lower lobe of the invading lung may come 
to fill the entire posterior aspect of the opposite side of the chest. 

Roentgenograms and drawings from anatomical specimens of such 
cases can be seen in recent papers by Rienhoff (8) and by Beutel and 
Strand (9). Nitch’s paper (10), dealing with the mediastinal ‘weak 
spots,” contains photographs of anatomical preparations. Nitch was 
interested not in lung hernia but in balloonings of the mediastinal pleura 
in tension pneumothorax; the anatomical factors which determine the 
site of the herniation are the same in both conditions. 

In this connection, I wish to confirm Rienhoff’s observation that 
the right lung can invade the opposite hemithorax to a greater extent 
than the left lung. This difference is largely due to the direction and 
attachment of the oesophagus and to its relation to the mediastinal 
pleura. Anterior mediastinal lung hernias are as common on the right 
as on the left side, but the posterior mediastinal bulging is hardly ever 
seen on the right side. The oesophagus undergoes relaxation in its 
leftward displacement, but it becomes stretched and resists rightward 
displacement, due to its diaphragmatic attachment on the left side. 
The relations of the mediastinal pleura are normally different on the 
two sides (11), the right pleura extending posterior to the oesophagus, 
forming a recess behind it from the tracheal bifurcation down to the 
diaphragm. The left pleura is not in direct contact with the oesophagus. 
It is thus easier for the right lung to invaginate itself between the aorta 
and the oesophagus than it is for the left lung. 

The lung apex, as is well known, is less protected by bone and muscle 
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than the other parts of the lung, and it normally bulges out of its bound- 
aries during expiratory efforts made with closed glottis. In exceptional 
cases, generally in association with pulmonary emphysema and chronic 
cough, the bulging may gradually increase in size and it may become 
permanent. The location of the hernia is in front of the neck on one 
side of the larynx. However, malformations in the region of the thoracic - 
inlet are very uncommon. The anomalies consist of accessory ribs or 
muscles, such as cervical rib and scalenus minimus muscle, which tend 
to strengthen rather than to weaken the chest-wall. For this reason, 
the cervical hernia is the most uncommon form of lung hernia. I have 
not seen it in my practice, and I encountered only some twenty case 
reports in an extensive review of the literature. A drawing of an ana- 
tomical specimen can be seen in Cockle’s (12) paper; roentgenograms 
are shown by Otonello (13) and by Graham (14). Graham also shows 
photographs of the patient, as well as a surgical dissection of the hernia. 

The intercostal lung hernia usually occurs in the front of the chest, 
internal to the costochondral junctions of the ribs. The intercostal 
musculature is thinnest in this region, the external intercostal muscles 
being absent altogether. Malformations of the ribs and muscle anom- 
alies, which weaken the chest-wall, also, by preference, involve the front 
of the chest. I came across but one report of a nontraumatic hernia 
which pointed on the posterior chest-wall (15); in an infant, with cystic 
emphysema of the lung, one of the cysts bulged along the tract of an 
intercostal vessel in the left fourth interspace posteriorly. 

There are numerous cases in the literature, showing the association 
of malformation of the ribs and atrophy of the pectoral muscles with 
lung hernia (16, 17, 18,19). The majority of the writers ascribed the 
hernia to the weakened chest-wall; others held that the protruding lung 
caused the rib erosion (20) and the muscle atrophy (21). Caries of 
the ribs (22) and intercostal neuritis (23) have also been given as aeti- 
ological factors. 

The most common form of intercostal hernia is the traumatic variety 
which follows surgical or accidental injuries to the chest-wall. In a 
previous study, I had the occasion to show photographs of a patient and 
chest roentgenograms of traumatic hernia (24). 

Symptoms and signs: In the external hernias, there is a tender swelling 
which increases on exertion and on coughing. The overlying skin is 
normal in color and freely movable. The swelling has a typical air- 
cushion feel. On manipulation, the swelling can be reduced, often with 
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a gurgling noise. On careful palpation, the neck of the hernia can be 
made out, as well as the orifice in the chest-wall, through which the 
hernia can be reduced. The percussion note is hyperresonant and the 
breath-sounds are harsher than over the neighboring chest-wall. On 
the roentgenogram the hernia shows in the form of a circular area of in- 
creased translucency, at first glance suggesting a tuberculous cavity; in 
the oblique view the hernia can be shown outside of the chest-wall 
(figure 1B). 

The mediastinal lung hernia gives no symptoms, and the physical 
signs are few. In cases of marked asymmetry of the chest caused by 
fibrosis or atelectasis of one lung, one may look for signs of mediastinal 
hernia. The hyperresonant percussion note of the emphysematous lung 
may extend across the midline between the first and third ribs anteriorly 
and at the base of the lung posteriorly. Auscultation generally gives 
no clue as the herniating lung is emphysematous and the breath-sounds 
are feeble over the hernia, as well as over the contiguous lung. 

The X-ray appearance is characteristic. The large hyperaerated 
lung is seen to extend into the opposite side in the form of one or two 
bulgings, having well defined convex outer borders. The upper bulge 
which can be shown to be anterior by fluoroscopic examination, reaches 
from the first to the fourth rib. The lower bulge extends from the 
level of the fifth or sixth dorsal vertebra to the diaphragm. The trachea 
is displaced to the contracted side. Closer examination of the tracheal 
lumen will often show that the apex of the hypertrophied lung has also 
extended into the contracted hemithorax and its outer border can be 
seen through the tracheal transparency at a considerable distance from 
the midspine. 

Examination of the oesophagus with the aid of a barium mixture will 
show its displacement as described in a preceding paragraph. 

Mediastinal lung hernia may be considered a rather common condition 
and I believe it unnecessary to cite many case reports. I had the op- 
portunity on previous occasions to show a case of herniation of the right 
lung in atelectasis of the left lung (25); also a case of herniation of the 
left lung in right fibrothorax (26). 

One reason for the tardy recognition of this form of hernia is the 
fact that during postmortem opening of the chest, the herniating lung 
collapses and the hernia becomes inconspicuous. 
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CASE REPORTS 


1: World War veteran, age 49. In January, 1936, he was convalescing from 
an alcoholic debauch and was rather slow in regaining his strength and his 
body weight. There was an annoying morning cough and some fever. There 
was a painful area above the right breast which would swell up every morning 
during the coughing spells. He was admitted to the hospital on March 20,’ 
1936, with a diagnosis of unresolved pneumonia. The next morning the man 
complained of soreness about the right breast. Examination disclosed a hemi- 
spherical bulging in the chest-wall between the right clavicle and the nipple. 
The overlying skin was tense but not discolored. The swelling felt spongy 
and at several points air crepitus was felt. There was hyperresonance on per- 
cussion and the breath-sounds were exaggerated over this area. Upon 
manipulation the swelling collapsed rather suddenly with an audible gurgle. 
Beneath the clavicle in the parasternal line, there was a defect in the chest- 
wall; pressure with the finger at this point would prevent the reduction of 
the mass. Upon removal of the pressure, the hernia was felt to disappear into 
the chest through this opening. 

Roentgenological examination on March 26, 1936, resulted in the following 
report by Dr. Harry A. Scott: “There is now an irregular annular shadow seen 
between the levels of the ist and 3rd ribs near their anterior ends. Observa- 
tion under the fluoroscope shows that there is a herniation of the lung through 
the anterior chest wall at the level of the 2nd rib; the air is seen just beneath 
the skin in this region. The area of herniation is6cm.in diameter. The films 
also show a defect in the anterior end of the 2nd rib on the right side.” (Fig- 
ure 1A.) 

There was no history or signs of any injury to the chest-wall. The hernia 
developed insidiously and it was first noticed a few days before his admission 
to the hospital. The man later showed symptoms and signs of acute endocar- 
ditis and he died on April 22, 1936. 


Fic. 1A. Case 1. Intercostal hernia of right lung producing annular area of increased 
transparency between the clavicle and third rib. The arrow points to the neck of the 
hernial sac. (See text.) 

Fic. 1B. Case 1. Oblique view. Part of the hernia visible outside of the chest-wall. 
Arrows point to hernial canal. 

Fic. 2. Case 2. Mediastinal hernia of left lung in a case of fibroid tuberculosis of right 
lung. Postmortem confirmation. (See text.) 

Fic. 3A. Mediastinal hernia of right lung in case of atelectasis of left upper lobe. Film 
taken in expiration, as the hernia was more conspicuous in this phase of respiration. 

Fic. 3B. Lateral view of same case. Barium in oesophagus. Note the displacement of 
oesophagus from the spinal column. 

Fic. 4. Anterior (upper arrow) and posterior mediastinal lung hernias. Barium in the 
oesophagus. 
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The hernia was reduced at the time of death. Following is an excerpt of 
Dr. Harry A. Scott’s autopsy protocol: “A portion of the 2nd rib, about 2.5 cm. 
in length, is missing near the anterior end. The ends of the ribs are smooth. 
Upon opening this area from the outside, a pocket is revealed which, at this 
time, contains only air. The pocket measures about 4.5 cm. in diameter. 
It extends anterior to the 2nd rib, also above and below it just beneath the 
muscle layers. The posterior wall is formed by the parietal pleura. The lung 
is firmly adherent to the chest wall around this area; upon section, it is found 
to be emphysematous in the neighborhood of these adhesions.”’ 

In a middle-aged man who was in poor health, there developed an inter- 
costal hernia, following an attack of pneumonia. There was malformation of 
the second rib and the adjacent herniating lung was emphysematous. 


2: This World War veteran had been known to have fibroid tuberculosis of 
the right lung since the spring of 1921. He was treated at the U. S. Veterans 
Hospital, Outwood, Kentucky, for nearly two years in 1934 and 1935. The 
physical signs recorded were: “Limited expansion of the right chest; whispered 
pectorilogquy and amphoric breathing over the upper part of the right chest 
with medium moist rales. On the left side the breath sounds were compensa- 
tory over the upper lobe and the expiration was prolonged. The series of 
X-ray films showed progressive contraction of the right lung with displace- 
ment of the mediastinum to the right. On the film of December 5, 1932, there 
is a semilunar area of increased transparency with convex outer border project- 
ing from the mediastinum into the right lung opposite the first and second 
anterior interspaces (figure 2). The film dated August 11, 1933, shows the 
contraction of the right lung and the opacity of the right base to be more pro- 
nounced. The area of increased transpaicncy is larger; it nearly reaches the 
lateral chest wall.”’ 

The patient died of tuberculous meningitis. 

Following is an abstract of the postmortem report made by Dr. E. J. Butzke 
on June 23, 1935: “The left lung is large, extending across the upper third 
of the chest to the right about three and one-half inches. The mediastinum 
and heart are displaced considerably to the right. The left lung is removed 
easily. It is light in weight and emphysematous. The right lung is only 
one-third its normal size. It is adherent to the parietal pleura and cannot 
be removed. It shows dense adhesions to the mediastinum and there are 
numerous cavities.” 

In a case of fibroid tuberculosis, the right lung underwent marked contrac- 
tion. The left lung invaded the right hemithorax and the left upper lobe filled 
the front of the right chest. 
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SUMMARY 


1. Lung hernia is to be distinguished from lung prolapse and from 
the pleural bulgings seen in tension pneumothorax. In lung prolapse 
there is no hernial sac; in pleural hernia there is no lung tissue. 

'2. Lung hernias depend on an increased thoracic content, usually 
emphysema, coupled with congenital or acquired defects in the chest- 
wall. Coughing or straining efforts are the precipitating cause, as in 
inguinal hernias. Like the inguinal hernia, the lung hernias enlarge 
in expiration. 

3. The intercostal lung hernias are associated with malformation of 
the chest-wall, and with atrophy of the pectoral or intercostal muscles. 
The cervical hernias are the least common of the lung hernias, due to 
the rarity of malformation of the clavicle. 

4. The mediastinal hernia is the commonest form of lung hernia. It 
is brought about by emphysema of one lung associated with contraction, 
atelectasis or absence of the opposite lung. Méediastinal lung hernia 
is accompanied by displacement of the mediastinum in toto. However, 
certain regions in the mediastinum deviate more than others, allowing 
the lung to be displaced into the opposite hemithorax beyond the lateral 
boundaries of the mediastinal septum. 

5. The current classification of lung hernias is to be modified by leav- 
ing out diaphragmatic lung hernia and by adding mediastinal lung hernia. 


The author expresses indebtedness to Dr. Charles M. Griffith, Medical Director, and Dr. 
Philip B. Matz, Chief of the Research Subdivision of the Veterans Administration, for 
encouragement in this work, and for the gathering of material and case records for this 
and other studies from the several facilities of the Veterans Administration. 
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THE RELATIVE VALUE OF FLUOROSCOPIC, ROENTGEN- 
OGRAPHIC AND PHYSICAL EXAMINATIONS IN A 
TUBERCULOSIS CASE-FINDING PROGRAM IN 
UNIVERSITY STUDENTS:? 


RUTH E. BOYNTON, HAROLD S. DIEHL anp CHARLES E. SHEPARD 


During the past few years there has been considerable interest in the 
possibility of the substitution of fluoroscopic examination of the chest 
for the chest roentgenograph in tuberculosis case-finding programs. The 
two obvious advantages of the fluoroscopic examination over the roent- 
genographic examination of the chest are the time element and the 
cost. There is some difference of opinion, however, as to the reliability 
of the fluoroscopic examination as compared with the chest roentgeno- 
graph in detecting tuberculous lesions. 

Hetherington and Flahiff (1) in comparing the results of the examina- 
tion of 347 young adults with the fluoroscope and with stereoscopic 
X-ray films found that the fluoroscope frequently failed to detect pul- 
monary infiltration when limited to the apex of the lung above the clav- 
icle, but in most instances detected more extensive infiltrations. They 
also found that the fluoroscope failed to reveal a considerable proportion 
of the calcified nodules in lungs and lymph nodes visible in roentgeno- 
graphs. 

Reid (2) and Fellows (3) found that the fluoroscopic examination of 
the chest enabled them to detect tuberculous lesions in a much greater 
percentage of routine examinations than did the physical examination 
of the chest alone. Since chest X-ray films were not done unless either 
the fluoroscopic or physical examination showed evidence of lesions, there 
is no information as to the number of cases with tuberculous lesions which 
may have been missed by both the physical examination and examination 
with the fluoroscope. 

An attempt has been made in the present study to add to the knowl- 
edge of the relative value of the physical examination of the chest, 
the fluoroscopic examination of the chest, the Mantoux test and the 

1 Presented at a session of the Clinical Section at the 33rd annual meeting of the National 


Tuberculosis Association, Milwaukee, Wisconsin, June 1, 1937. 
? From the University of Minnesota, Minneapolis, Minnesota. 
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chest X-ray film in the diagnosis of tuberculous infection or tuberculous 
disease in routine health examinations. 


METHOD OF STUDY 


All students entering the University of Minnesota are given a routine 
physical examination which includes the usual physical examination of 
the chest, a fluoroscopic examination of the chest, a Mantoux test and a 
chest X-ray film if the Mantoux test is positive or if there is any other 
indication for an X-ray film. The fluoroscopic examinations are done 
by the regular staff physicians, all of whom have had experience with 
fluoroscopy but none of whom are specialists in X-ray or fluoroscopic 
diagnosis. For the Mantoux test .01 mgm. of Old Tuberculin is used. 
If this is negative a 1 mgm. dose of Old Tuberculin is given. Some stu- 
dents, however, failed to return for a reading of the second test. 

The health records of 5,158 students, covering the five-year period 
from 1931 to 1935 inclusive were selected by random sampling from the 
total records for these years. Approximately 1,000 records were taken 
foreach year. The ratio of men and women in the group studied was the 
same as the ratio in the total University population, or about 2 to 1. 

From this group of 5,158 records, students who, on routine examina- 
tion, had one or more of the following findings were selected for detailed 
study: positive Mantoux test, fluoroscopic findings suggestive of pul- 
monary lesions, positive X-ray findings, positive or suspicious physical 
findings. Of the entire group of 5,158, 30 per cent, or 1,585, had one or 
more of the above findings. 

An analysis was then made of these 1,585 records to determine the 
relative frequency and the correlation of the diagnostic aids listed. 

A second part of the study was an analysis of the records of all stu- 
dents on whom a diagnosis of adult-type tuberculosis was made at the 
Students’ Health Service during the same five-year period. The in- 
cidence of adult-type tuberculosis in the University population, the 
time of diagnosis and an evaluation of the various diagnostic aids in 
making the diagnosis were studied. 

Table 1 presents the positive findings suggesting the desirability of 
further study for evidence of tuberculosis in a general survey of the health 
records of the 5,158 University students included in the survey. 

The records of the 5,158 students were then studied to find what 
correlation existed between these various diagnostic aids. These data 
are presented in table 2. 
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TABLE 1 
Positive findings suggesting the desirability of further study for evidence of tuberculosis in a 
general survey of the health records of 5,158 University students 


Mantoux test positive 

Fluoroscopic findings suggestive of pulmonary lesions 
X-ray findings suggestive of pulmonary lesions 

Physical findings suggestive of tuberculosis 

Total number with one or more of above findings positive 


TABLE 2 
Correlation between certain diagnostic findings in the total of 5,158 examinations 
A 


MANTOUX POSITIVE (1,161) 


MANTOUX NEGATIVE (3,997) 


Number 


Per cent 


Number 


Per cent 


Fluoroscopic findings suggestive of pulmo- 


Physical findings suggestive of tuberculosis... 


418 


32 


10.5 


0.8 


FLUOROSCOPIC FINDINGS 
SUSPICIOUS (688) 


FLUOROSCOPIC FINDINGS 
NEGATIVE (4,470) 


Mantoux Test 


Mantoux Test 


Positive 
(891) 


Negative 
(3,579)* 


Physical findings suggestive of tuberculosis. 


Num-| Per 
cent 


Num-| Per 
ber | cent 


17.1 
2.2 


0.1 
0.02 


X-RAY POSITIVE (272) 


X-RAY NEGATIVE (939)* 


Number 


Per cent 


Number 


Per cent 


Physical findings suggestive of tuberculosis. . 


114 
20 


41.9 
7.4 


* X-ray films not taken in 3,947 cases because of negative Mantoux. 


4 
NUMBER 
1,161 22.5 
688 13.3 
272 5.3 
76 1.5 
1,585 | 30.7 
X-ray findings suggestive of pulmonary 
| 3.8 = 
B 
| | 
Num-| Per | Num-| Per 
ber | cent | ber | cent 
X-ray findings suggestive of pulmonary 
24 | 8.8) 31 | 7.4 | 20 1 
Fluoroscopic findings suggestive of pulmo- 
30 3.2 
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In table 2 B is shown that twice as great a percentage of those with 
suspicious fluoroscopic findings and positive Mantoux tests had positive 
X-ray findings as those with negative fluoroscopic findings and positive 
Mantoux tests. 

All cases showing Ghon’s tubercles, calcified nodes, increased hilar 
markings as well as evidence of parenchymal lesions on X-ray examina- 
tion were classed in the positive X-ray group. 

In other words, if the fluoroscopic examination alone had been relied 
upon 58 per cent of this group showing lesions on X-ray films would 
have been missed. Of 939 cases with a negative chest X-ray film, 21 
per cent were thought to have pulmonary lesions in the fluoroscopic 
examination. Seven per cent of the positive X-ray group and 3 per 
cent of the negative X-ray group had physical findings suggestive of 
pulmonary lesions. 

From the group of 5,158 students whose records were studied there 
were 1,065 in whom a diagnosis of primary type of tuberculous infection 
was made either because of a positive Mantoux test or positive X-ray 
findings or both. The correlation between the various diagnostic aids 
in this group is presented in table 3. 

It is important to point out that (table 3 B) in the group in which the 
fluoroscopic findings were positive, the X-ray did not corroborate these 
findings in 74 per cent of the cases. 

In 166 cases with positive X-ray findings (table 3 C) the fluoroscopic 
findings agreed in only 42 per cent of the cases while in the negative X-ray 
group there was agreement in 81 per cent of the cases. 

In the general survey group as well as in the group with primary 
tuberculous infection there was better agreement between the fluoro- 
scopic and roentgenographic examination than between the latter and 
physical examination. However, the examination with the fluoroscope 
missed over 50 per cent of the cases showing positive roentgenographic 
findings. Likewise if a roentgenographic examination had been done 
on all cases with suspicious fluoroscopic findings instead of on all cases 
with a positive tuberculin test, an unnecessary expenditure for films 
would have been made. 

The second part of this study was an analysis of the records of all 
students on whom a diagnosis of adult-type tuberculosis had been made 
during the five-year period 1931 to 1935. These cases were obtained 
from our diagnosis cards and obviously were not all included in the 
general survey group for this same period obtained from a random samp- 
ling of the records. 
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TABLE 3 


Correlation between certain diagnostic findings in cases of primary type infection (1,065 cases) 


A 


MANTOUX POSITIVE (1,050) 


MANTOUX NEGATIVE (15) 


Number Per cent 


Number Per cent 


Fluoroscopic findings suggestive of pulmo- 


Physical findings suggestive of tuberculosis. . 33 


230 


10 


B 


FLUOROSCOPIC FINDINGS 
suSPICIOUS (240) 


FLUOROSCOPIC FINDINGS 
NEGATIVE (825) 


Mantoux Test 


Mantoux Test 


Positive 
(230) 


Negative 
(10) 


Positive 
(820) 


Negative 
(5) 


Num-| Per 
ber | cent 


Num-| Per 
ber | cent 


X-ray findings suggestive of tuberculosis. . 
Physical findings suggestive of tuberculosis. 


60 | 26.0 
16 | 6.9 


10 |100.0 
2 | 20.0 


Num-} Per 
ber | cent 


91 | 11.0 
17 | 2.0 


Num-| Per 
ber | cent 


5 |100.0 
0 


Cc 


X-RAY POSITIVE (166) 


X-RAY NEGATIVE (899) 


Number 


Per cent 


Number 


Per cent 


70 


Physical findings suggestive of tuberculosis. . 10 


42.2 
6.0 


170 
25 


18.9 


2.8 


* X-ray films not taken in 3,947 cases because of negative Mantoux. 


TABLE 4 


Incidence of adult-ty pe tuberculosis in University of Minnesota students, 1931-1935 


NUMBER 
PER 1000 


NUMBER 
WOMEN | per 1000 


NUMBER 


TOTAL | per 1000 


Total registration five-year period. . . 
Total number of cases of adult-type 


tuberculosis 
Fibrotic 


Moderately advanced 
Far advanced 


26,658 


70 
20 
38 
11 

1 


69,675 


a 
is 
X-ray findings suggestive of pulmonary 
3.1 2 13.3 
| 
a 
Fluoroscopic findings suggestive of tubercu- 
= 
een 56 | 1.3 2.62 126 | 1.8 
aeeueteieahiaweel 11 | 0.25 0.75 31 | 0.44 
34 | 0.79 1.42 72 | 1.0 
nn 2?" 10 | 0.23 0.41 21 | 0.3 
pveeiaaaee 1 | 0.023 | 0.037 | 2 | 0.028 
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The incidence of adult-type tuberculosis in University of Minnesota 
students is presented in table 4. 

During the five-year period there were 126 cases of adult-type tuber- 
culosis or an incidence of 1.8 per 1,000 students. In all cases the diag- 


TABLE 5 


Number of cases of adult-type tuberculosis first discovered on entrance examination, periodic 
health examination, in dispensary or infirmary 


MODERATELY 
FIBROTIC ADVANCED 


Per Per 
Total ent Total out 


Entrance examination 18 58 
Periodic health examination..| 13 42 


100 


TABLE 6 
Relative value of diagnostic procedures in adult-type tuberculosis (X-ray positive in all cases) 


TYPE OF LESION 


DIAGNOSTIC PROCEDURES Fibrotic (30) | Minimal (72) Bema: A 


Num- - Num-| Per 
ber ber ber | cent 


Physical findings 23.8 
History of exposure 33.3 
Symptoms, loss of weight, fatigue, cough... ‘ ° 38.1 
Suspicious fluoroscopic findings 57.1 
Fluoroscopic findings, physical findings " . 

Symptoms, exposure, physical findings 
Fluoroscopic findings, symptoms 
Fluoroscopic findings, symptoms, physical 
Fluoroscopic findings, symptoms, exposure. . 
Fluoroscopic findings, symptoms, physical 


nosis was based on positive X-rays and clinical observation. For the 
past seventeen years, the Students’ Health Service at the University of 
Minnesota has had a tuberculosis clinic under the direction of Dr. J. A. 
Myers. The classification and the respective rates of these 126 cases 
are shown in table 4. 


| 
FIRST DISCOVERED IN 
Total| Pet | Total} Per 
42 | 58.4, 9 | 42.9 2 | 71 56.4 
19 | 26.4; 9 | 42.9 41 | 32.5 
7 9.7) 3 | 14.2 10; 7.9 
21 |100 2 | 100 | 126 |100 
Far ad- 
vanced (2) 
Number 
1 
1 
2 
2 
2 
2 
2 
2 
findings, exposure................-...- | 21 | 70.0) 55 | 76.4; 16 | 76.2 2 
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In each type of tuberculosis the rate for women was greater than that 
for men. It is interesting to note that only two cases of far advanced 
disease have been seen in a five-year period in an institution conducting 
a special tuberculosis control program. 

It seemed of interest to determine whether the diagnosis of adult-type 
tuberculosis was made in these students at the time of admission or at 
some subsequent examination. This is presented in table 5. 

It is of interest that the majority of the cases found at later routine 
examinations occurred in students of medicine or nursing. 

The relative value of physical examination, history of exposure to 
tuberculosis, symptoms and fluoroscopic findings in these 126 cases of 
adult-type tuberculosis is presented in table 6. 

It is seen from table 6 that 25 to 30 per cent of cases of adult-type 
tuberculosis would have been missed without the routine use of the 
Mantoux test and chest X-ray films. 


SUMMARY 


1. A random sampling of over 5,000 health examination records of 
University students revealed 30 per cent of the group to have one or 
more positive findings suggesting the desirability of further study for 


the evidence of tuberculosis. 

2. Routine chest X-ray films of positive reactors were more effective 
than X-ray examination of cases having suspicious fluoroscopic findings 
in tuberculosis case-finding. 

3. In the general survey group as well as in the group with primary 
tuberculous infection the fluoroscopic examination missed over 50 per 
cent of the cases showing positive roentgenographic findings. There 
was better agreement, however, between the fluoroscopic and roentgeno- 
graphic examination than between the physical and roentgenographic 
examination. 

4. Only 14 per cent of students with positive Mantoux tests showed 
X-ray evidence of tuberculous infection. 

5. The incidence of adult-type tuberculosis in University of Minnesota 
students during the years 1931 to 1935 was 1.8 per 1000 students. 
Eighty-nine per cent of these cases of adult-type tuberculosis were found 
at routine health examinations. 

6. Fluoroscopic examination was a valuable aid in the diagnosis of 
adult-type tuberculosis. When combined with a history of exposure and 
symptoms, the fluoroscopic examination detected three-fourths of the 
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minimal and moderately advanced cases and all of the far advanced 
cases. 

7. Abnormal physical findings were absent in a high proportion of the 
cases of adult-type tuberculosis and apparently must be considered a 
diagnostic aid of little importance. 


REFERENCES 
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THE DEGREE OF TUBERCULOSIS IN NEW CASES 
P. K. TELFORD! 


The development of pulmonary tuberculosis in negative contacts under 
observation in public health clinics makes one skeptical of ever markedly 
increasing the percentage of progressive cases diagnosed in the minimal 
stage. Fischel (1) said, “Our efforts to detect the beginning of pulmo- 
nary tuberculosis remind us of the many unjustified convictions and 
acquittals based on circumstantial evidence.”” It is unquestionably most 
desirable to discover cases as soon as possible so that more favorable 
results of treatment may be attained and contacts be sooner protected. 
So called early diagnostic procedures such as school examinations, partic- 
ularly in the older age groups, and industrial examinations are extremely 
valuable in revealing unknown cases, but whether these discovered cases 
are early or not is purely accidental and certainly cannot be judged by 
the extent of the lesion. In estimating the age of a newly discovered 
lesion some commonplace facts must be considered. A large proportion 
of minimal cases remain minimal and many of them do so in spite of 
violation of the standard rules of treatment. Pinner (2) states, ‘‘In order 
of frequency, spontaneous healing takes place (/) in the primary com- 
plex, (2) in mild early dissemination, (3) in the early infiltrate.” These 
minimal cases may remain active for many years fluctuating within 
the bounds of a minimal lesion. On the other hand, many moderately 
and far advanced cases have a minimal stage in theory only that escape 
detection in routine supervision as demonstrated by our experience. 
The rapid development of the disease has often been noted. Douglas 
(3) states, “Progressive and destructive pulmonary tuberculosis usually 
begins suddenly, with exudative subapical lesions. Lesions far advanced 
as to extent and excavations, frequently develop within less than six 
months.” 

Tne record of some contact cases is here presented with diffidence 
because of the irregular examinations in their contact supervision. 
However, the examinations are steps in a form of supervision which has 
been developed to a gratifying degree of perfection with support of a 
generous, sympathetic official attitude for many years. Isolation of the 


1 Los Angeles County Health Department, Los Angeles, California. 
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tuberculous and supervision of their contacts have long been the major 
activity of this department. Although this record is far short of ideal, 
it is an example of the most that can be expected in considering the pre- 
ventive program generally, for private agencies are much more handi- 
capped without legal authority to require examinations which we almost 
daily exercise. 

To study this problem, all positive cases under supervision in the 
pulmonary clinics in the county registry were sorted to choose those 


SUPERVISION OF INDIVIDUAL NEGATIVE CONTACTS PRECEDING 
A DIAGNOSIS OF REINFECTION PULMONARY TUBERCULOSIS 


-MINIMAL,_ CASES. 


ee! TIME IN MONTHS PRECEDING DIAGNOSIS 
CASE NO 24 48 42 2a 18 


G 30493 3 


833/068 


833/60 


' 
323505 2 


G3e252 


“20027 


30809 


wi2aer 


w3a32 


T33265 


G 39290 


27435 


| 
WILL 


3 
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showing a previous negative diagnosis and who were in household contact 
with an active case. The original active case was in the home at the 
beginning of the supervision but may have died or been hospitalized at 
any time thereafter. No point is made of the length of contact because 
of lack of reliable information on freedom of contact in congested neigh- 
borhoods of various races, particularly among Mexicans as many of 
these patients are. After examination of the records there were elimi- 
nated all childhood types, all those with inconclusive findings, either 
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positive or negative, and all those with such long absences that super- 
vision could not be considered continuous. The records of all of the 
remainder are charted to show the time in months, previous to discovery 
of the disease, that the Mantoux test was known to be positive, the last 
negative X-ray and the last negative Mantoux, if any. The age at the 
time of the diagnosis is given and the number of negative X-rays and the 
number of negative physical examinations. The negative Mantoux 
information is of but slight value because these tests were done with 


SUPERVISION OF INDIVIDUAL NEGATIVE CONTACTS PRECED- 
ING A DIAGNOSIS OF REINFECTION PULMONARY TUBERCULOSIS 


MODERATE AND FAR ADVANCED CASES 


TIME IN MONTHS PRECEDING DIAGNOSIS 
48 42 36 ES) 24 8 


835317 


tassm 


60 


UNOER SUPERVISION LAST NEGATIVE MANTOUN 


0.1 mgm. Old Tuberculin before our present practice was started, which 
requires a negative reaction to a dosage of 10.0 mgm. Old Tuberculin 
before being considered negative. 

In charting this study, an effort has been made to show the sequence of 
events in the supervision of each case leading up to the diagnosis of 
tuberculosis. The diagnosis is reached on the chart at the line to the 
right of the chart at zero months. 

There are 36 individuals in this record, 20 minimal and 16 moderately 
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or far advanced. The minimal cases were evenly divided between males 
and females while there were 6 males and 10 females moderate and far 
advanced. The average age at the time of diagnosis of minimal cases 
was 25 years, moderate and far advanced, 19 years. The average length 
of previous supervision was for minimal cases 25 months and for moder- 
ate and far advanced cases 23 months. The average amount of time 
elapsing between the last negative X-ray and positive diagnosis was for 
minimal cases 18 months, for moderate and far advanced cases 14 months, 
and for all the cases 16 months. 

The final stages of prevention of tuberculosis will not be crowned with 
success so much by early diagnostic measures as by examining more 
people to locate cases, groups of people where possible, and by greater 
restrictions placed on known cases disseminating the disease. We have 
proved to our own satisfaction in a small number of homes of the worst 
type, as an experimental demonstration over a number of years, that 
providing a separate room for the patient with proper equipment and a 
modified quarantine and close supervision stops the spread in the home 
and the neighborhood. The number of positive-sputum cases living in 
homes is now not too great to make such an effort practicable. Collapse 
therapy has made great strides in converting positive-sputum cases to 
negative ones. Public education in tuberculosis seems to have reached 
the stage where such control measures will be generally supported. 

Many incontrovertible facts of susceptibility related to this problem 
have been purposely ignored in this brief statement. They are the 
determining factor in the spread of tuberculosis in such a small per- 
centage of instances that they may be slighted for the moment in order 
to emphasize the need of stopping the spread from the known sources and 
the complementary need of discovering unknown sources. An effective 
isolation can be accomplished but it is unlikely that all cases can be dis- 
covered in a minimal stage and be aborted. 


SUMMARY 


The record of a number of cases that developed tuberculosis while 
under supervision as negative contacts is given, which shows that in a 
serious effort at supervision the frequency of examination is less than 
desired, and there is a relatively large proportion of moderately and far 
advanced cases. 

Assembling of basic statistics was assisted in by W.P.A. Project No. 5524. 
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THE PSYCHOTHERAPY OF REHABILITATION OF 
PATIENTS IN TUBERCULOSIS HOSPITALS 


CLARENCE M. HINCKS 


There is no field of medical endeavor wherein attention to both mental 
and physical factors is more clearly indicated than in the treatment and 
rehabilitation of individuals afflicted with tuberculosis. Such psy- 
chological considerations as the attitude of the tuberculous patient to- 
ward his illness, the status of his mental health, the intensity of his desire 
to live, the nature of his outlook toward the resumption of activites in 
the community and his preparation for gainful employment, all have a 
bearing on prognosis and should be explored and taken into account in 
therapeutic programs as a necessary adjunct to procedures on the physi- 
cal side. 

It is a striking fact that the proportion of patients in tuberculosis 
hospitals requiring special attention because of personality difficulties, 
emotional upsets and lack of vocational training is very considerable. 
And we can gain some appreciation of why this should be the case when 
we realize that many individuals were maladjusted prior to the onset of 
their physical illness, that from the beginning to the end of their treat- 
ment patients are exposed to many situations and hazards that may 
threaten emotional equilibrium, and that many are ill equipped through 
lack of appropriate training to fend for themselves when they leave the 
hospital. A brief reference to these points may be relevant. 

Facts at our disposal furnish justification for the surmise that at least 
20 per cent of the people of this country are maladjusted to varying 
degrees and that the proportion is greater in reference to those who seek 
and receive treatment in tuberculosis hospitals. sated 

As I have intimated, it is reasonable to expect an increased tendency 
to maladjustments among tuberculosis patients as compared with the 
rank and file of the population because of the numerous threats to peace 
of mind to which they are peculiarly exposed. What are some of the 
situations that may tend to upset the emotional balance of this group? 


1 Presented at a session of the Clinical Section at the 33rd annual meeting of the 
National Tuberculosis Association, Milwaukee, Wisconsin, June 1, 1937. 
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The first threat to adjustment and a feeling of security is the individ- 
ual’s realization that he is a victim of tuberculosis. According to Wil- 
liams and Hill who studied the histories of 1,499 patients, we are in- 
formed that 4 per cent collapsed and gave up hope when they became 
aware of the diagnosis and that 18 per cent were disturbed to varying 
degrees. I suspect that these figures do not tell the whole story and 
that a much larger percentage was subject to spells of morbid reverie 
wherein fears, anxieties, apprehensions and lowness of spirits colored 
thoughts relating to the future, to frustrated ambitions, to separation 
from the family circle and friends, to the plight of dependents and so on. 

Following the acceptance of a diagnosis, the next series of adjustments 
that patients are called upon to face are those connected with hospital- 
ization and treatment. It may be difficult for many to fall in line with 
requirements for prolonged periods of rest, or to submit to operative 
procedures, or to accept relapses when they occur, or to maintain morale 
and courage over a long haul. Indeed, the circumstances connected 
with hospitalization and treatment may constitute an acid test, as. it 
were, to the adjustive capacity of individuals and may serve to abet the 
development of psychoneuroses and neurotic episodes among those who 
are vulnerable in this regard. And so we should not be surprised to learn 
that, in a study of 100 patients at the Cragmor Sanatorium, Forster and 
Shepard discovered that 31 were the victims of such emotional states 
as fear, anxiety, fatigue and frustration. Of this total of 31, 20 were 
diagnosed as psychoneurotic, 4 were psychotic and 7 had simple mal- 
adjustments. 

Facts of this nature indicate that there is an urgent challenge for con- 
structive-efforts along lines of mental health and education in sanatorium 
practice. 

The task of attending to the mental needs of patients should, when 
possible, be shared by the physician, nurse, vocational counsellor, teacher 
and social worker. It devolves upon the physician, of course, to give 
leadership. Without his whole-hearted interest and direction little can 
be expected from any psychotherapeutic program. He can make 
specific contributions by including a psychiatric approach in his examina- 
tion procedures, by giving opportunities for the relief of tensions and 
anxieties through therapeutic conversations, and by taking a genuine 
interest in vital matters relating to his patient such as work, recreation, 
friendship, ego satisfactions and philosophy of life. 

If the physician includes a psychiatric or human approach in his 
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examination procedures there will result not only the collection of per- 
tinent data for a mental diagnosis, but also the basis for a satisfactory 
therapeutic relationship or rapport with each patient. As a routine 
measure the exploration of the mental life might embrace a brief canvass 
of the developmental history with attention to adjustments that had 
been made in school, home and play life, and following this an enquiry 
concerning occupational history, church and club affiliations, interests 
and ambitions. Half an hour spent in conversing upon issues of this 
nature might well reveal some of the fundamental attitudes of the pa- 
tient to his fellows and to his life in general, together with clues con- 
cerning personality make-up and some of the specific psychological needs 
that should be satisfied during the period of hospital treatment. 

In general the physician will discover that the mental health of pa- 
tients can be fortified by making suitable provisions for work, recreation 
and other intrinsic needs that have already been enumerated and that 
I should like to discuss briefly. 

We have reason to look upon work as a great morale builder, as an 
antidote to morbid introspection and worry and as a necessity for the 
prevention of mental rusting and deterioration. Insofar as it makes a 
pull upon imagination and initiative and is directed to some desired goal, 
it furnishes personal satisfactions of enormous benefit to mental health. 

In sanatorium practice, whenever possible, work or occupational ther- 
apy should be integrated into educational and vocational training pro- 
grams with the supervision of the physician to determine the types of 
activities most suited to the patient’s physical and mental condition. 

Another requirement for mental well-being is recreation. It provides 
the occasion for the release of the human spirit in care-free activities of 
tonic value. The physician should therefore encourage hospital arrange- 
ments that foster avocations and the development of varied interests. 

It is a well recognized fact-that, to maintain perspective and emotional 
balance, most individuals need intimate friends, who are genuinely in- 
terested in them and who, by sharing experiences, can take the edge off 
fears and anxieties. The hospital staff can to a degree satisfy this hunger 
for close human relationships. 

Because of their influence on mental welfare there should be taken into 
account the satisfaction of ego hungers and a robust philosophy of life. 
By ego hunger we refer to the craving of every individual to be a person, 
to be more than a cog in a machine, to receive recognition and to have a 
sense of worth-whileness. In sanatorium life satisfaction may come 
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through the personal attention of hospital workers, through the knowl- 
edge that courage is being displayed by the patient in facing the issues 
of illness, through a sense of achievement in educational programs and 
in many other ways. 

A robust philosophy of life implies an emotional anchorage and un- 
dismayed outlook even during periods of crisis. For many individuals 
religion is of importance in this connection and for others strength is 
derived through the application of the dictum that has come to us from 
ancient Greek philosophy: “Know thyself, accept thyself and be thy- 
self.” There is no question that the contacts of patients with those 
who possess a robust philosophy are wholesome. 

As has been indicated, the task of attending to the mental needs of 
patients provides a challenge not only to the physician but to his co- 
workers as well. The nurse has an unrivaled opportunity to inspire 
confidence and to combat morbid introspection. The vocational coun- 
sellor, through interviewing and the application of aptitude tests, can 
supplement the diagnostic work of the physician and can indicate the 
type of training most suited to individual needs and capacities. The 
educational program conducted by the teacher may not only prepare 
the individual to take his place as a productive member of society, but 
in addition provides opportunities for the development of interests and 
attitudes that will fortify mental health. And the social worker is 
indispensable in attempting to secure vocational placement and to effect 
satisfactory home adjustment that is so important in preventing relapse. 

During recent years encouraging progress has been made in developing 
mental health programs in tuberculosis hospitals. Medical staffs have 
demonstrated an increased interest in this phase of the work. Educa- 
tional activities have been extended. Industrial work shops have been 
organized. Through the Division of Rehabilitation of the National 
Tuberculosis Association, an impetus has been given to the development of 
vocational guidance and training services. A beginning has been made 
in the exchange of physicians attached to mental hospitals and sanatoria 
for consulting work with advantage to both types of institutions. 

In looking to the future it is possible that sanatoria in combining the 
functions of college and hospital will become recognized as significant 
training centres for life itself. And perhaps the circumstance of becom- 
ing afflicted with tuberculosis may prove to many to be a blessing in 
disguise because treatment will involve a period of priceless life enrich- 
ment. Such advance would have a profound effect on the whole field of 
medicine. 


PROGNOSIS OF THE CAVITY BEARER"? 
HERMAN SCHWATT? anp ARTHUR REST 


The ultimate fate of the tuberculous cavity bearer has always been 
of great interest to the phthisiologist. The immediate stimulus to the 
statistical investigation of this subject has been the oft quoted dictum 
of Graeff (1), in 1921, that pulmonary tuberculosis is a curable disease 
and does not necessarily shorten life; that, however, the disease becomes 
incurable and, in the majority of cases, signifies a death sentence within 
a few years, as soon as it becomes complicated with a cavity of a size 
greater than that of a cherry. Graeff’s pronouncement was based 
essentially on his pathologicoanatomical findings that in deaths from 
causes other than tuberculosis cavities were rarely found at autopsy. 
His conclusion was that cavity carriers were not subjects for sanatorium 
treatment and that only surgical measures can in severe cases lead to 
cure of the disease. 

Graeff (2) in a later paper, receded somewhat from his original position, 
as a result of the clinical and roentgenological evidence of healing of 
cavities. Nevertheless, he still emphasized that the complete oblitera- 
tion of large cavities is extremely rare. He called upon clinicians to 
prove otherwise, by clinical statistical studies, on the longevity of cavity 
carriers, including their physical condition and economic usefulness 
after various periods of life. 

Although it is shown by X-ray findings that cavities of considerably 
greater size than a cherry may heal clinically as well as anatomically, 
there has been no lack of authoritive support of Graeff’s famous dictum. 
Barnes and Barnes (3), in a study of 616 patients with cavities larger 
than two centimetres, found that only 79 per cent survived a year. 
The average duration of life was 15.8 months. Of 89 cases with tubercu- 
lous laryngitis, 79 died within a year; of 17 cases with tuberculous en- 
teritis none survived a year. In Fischel’s (4) series of honeycombed 


1 From the Medical Service of the Sanatorium of the Jewish Consumptives’ Relief Society, 
Spivak, Colorado. 
2 Presented at meeting of the Denver Sanatorium Association, Spivak, Colorado, Octo- 
ber 27, 1936. 
* Deceased. 
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lesions, cavitation of an entire lobe or of an entire side, only 20 per cent 
survived a year. The average duration of life was9.5 months. Simpson 
(5) states that two-thirds of all patients with cavity will ultimately die 
of tuberculosis within 15 years and that the great majority will not live 
longer than 5 years. 


TABLE 1 


Survival and deaths in 267 patients with cavernous pulmonary tuberculosis during an observation 
period of from 3 to 10 years following discharge 


MALE 


104 (38%) 77 
163 (62%) 121 


267 


From the year 1925 to the year 1933, 1,524 patients were discharged 
from this institution. Our systematic follow-up studies familiarized us 
with their clinical state and subsequent course. In this presentation, 
we shall confine ourselves to an investigation of those untreated cases 
which upon discharge presented definite cavitation, in order to determine 
the duration of life of untreated patients with cavernous phthisis. The 
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number of patients suitable for this study is 267, all of them having far 
advanced pulmonary tuberculosis with cavitation in one or both lungs. 
There were cavities involving the greater portion of the apical region, 
or of the upper lobe, and most of them presented almost complete ex- 
cavation of the summit of the lung or of the entire lungs. Practically all 
of the cavities were of the chronic tertiary type with thick walls sur- 


TABLE 2 


Survival and deaths in 267 patients with cavernous pulmonary tuberculosis during an observation 
period of from 3 to 10 years following discharge, according to extent of lesion 


DISCHARGED IN R-1 L-3 R-2 L-3 R-3 L-3 L-i R-3 L-2 R-3 


Living 3 3 3 


( 
ped 17 1 


Living 1 
1926 { Dead 


Living 
1927 Dead 
Living 
1928 Dead 
Living 
Dead 


Dead 


Living 
Dead 
Living 
Dead 


Living 


Living 7 
Dead 13 


rounded by considerable fibrosis. In other words, they were all of a 
size which according to Graeff (1) signifies a death warrant within a 
few years. 

The following tables will illustrate certain phases of this study. The 
outstanding facts can be briefly summarized as follows: 


(1) An analysis of 267 discharged patients with tuberculous cavities revealed 
that 104, or 38 per cent, were still alive after a 3 to 10 year period (table 1). 


i 
2 2 3 3 
1 13 2 2 
7 6 1 
1 1 23 1 
1 8 2 
2 1 24 1 1 
1 7 2 3 
1930 
1 8 3 2 
1931 2 2 11 2 
1 1 15 
1932 
54 24 10 
133 4 6 
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Of these, 60, or 58 per cent, were working and 44, or 42 per cent, were curing. 
The average duration of life of those who died was seven and a half years, from 
the time of the recognition of the cavity. 

(2) Of those with a mainly unilateral lesion, 70 per cent were alive over a 3 
to 10 year period, while only 30 per cent survived of those with extensive 
bilateral disease (table 2). 


TABLE 3 
Relation of bacilliferous sputum to survival of cavity dearers 


DISCHARGED SPUTUM 


In Number of cases Positive Negative 


Living 3 6 
id Dead 20 
Living 
35 Dead 
Living 
Dead 


Living 
Dead 
Living 
Dead 
Living 
Dead 
Living 
Dead 
Living 
Dead 


Living 104 65 (30%) 39 (72%) 
Dead 163 148 (70%) 15 (28%) 


(3) The survival, according to the extent of the lesions, was, as follows: 


L 1-L 3—80 per cent 
L 2-R 3—60 per cent 
R 1-L 3—40 per cent 
R 2-L 3—35 per cent 


(4) Thirty per cent of those who left the institution with positive sputum 
were still alive over the period of study. Seventy-two per cent of those who 
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1929 40 
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left the sanatorium with negative sputum were still alive at the end of the 
observation period (table 3). 

(5) Seventeen per cent of those discharged with a tuberculous laryngitis 
were still alive; only 1 per cent of those with tuberculous enteritis were still 
alive; 4 per cent of those with genitourinary complications were alive 
(table 4). 


TABLE 4 
Survival of cavity bearers as dependent on tuberculous complications 


DISCHARGED COMPLICATIONS 


Genito- | No compli- 


In Number of 0 
urinary cations 


Laryngeal Intestinal 


cases 
Living 1 8 
” Dead 8 12 
Living 2 
Dead 3 17 


Living 3 
Dead 


Living 


“ Dead 


Dead 


Living 


30 Dead 


Living 
2 Dead 
Living 


36 Dead 


Living 


Teta... 267 Dead 38 113 


{| Living 19 80 
\ 


(6) Those patients who left the institution between the ages of 20 to 35 
had an average mortality of 32 per cent; those between the ages of 35 to 65 
showed an average mortality of 8 per cent. 

(7) The patients who had their disease from 1 to 5 years presented a mor- 
tality of 40 per cent; those who had the disease from 10 to 15 years showed 
a mortality of 17 per cent. 
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CONCLUSIONS 


1. Although cavity is the most serious complication of pulmonary 
tuberculosis, it is not of such grave import as Graeff pronounced it to be. 

2. The larger the ulcerating cavity surface, the more ominous the 
prognosis; with bilateral lesions the mortality is ‘greatest. 

3. Right-sided lesions are apparently less serious than left-sided 
lesions. 

4. The presence of tuberculous laryngitis and enteritis makes the 
prognosis graver than in those patients without these complications. 
Of the two complications, laryngitis presents a more favorable outlook. 

5. Patients with positive sputa present a much higher mortality 
than those who on discharge had negative sputa. 

6. Age, in this group of cases, as well as in tuberculosis in general, has 
a definite relation to the duration of life. The highest mortality was 
in the 20 to 35 age group with a gradual decline after the age of 40. 

7. It appears that the patients who survive the first five years of 
their disease have an increasingly favorable prognosis with the increase 
of the duration of their disease. 

8. Although this study tends to show that a fair proportion of patients 
with extensive excavations may survive for long periods of time under 


normal conditions of useful life, it is our opinion, in view of the extremely 
unfavorable prognosis in the great majority of cases, that every patient 
with demonstrable cavity and positive sputum should be subjected 
to undelayed collapse therapy when the disease is unilateral and to some 
combination of collapse therapy in bilateral cases. 
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TUBERCULOUS MEDIASTINITIS:! 


Report of a Case with Focal Reaction to Tuberculin 
R. H. KAMPMEIER 


In chronic pulmonary tuberculosis it is not unusual to find some 
changes in the mediastinum at necropsy. Widespread tuberculous 
involvement of the mediastinum, however, in the absence of pulmonary 
disease is uncommon. 

Tuberculosis of mediastinal lymph nodes is described in some textbooks 
as tuberculous mediastinitis. But it does not seem that this condition, 
even with some periglandular reaction, justifies the term mediastinitis. 
Occasionally cases of so called tuberculous “mediastino-pericarditis” 
are found. 

The term “tuberculous mediastinitis” should be reserved for wide- 
spread involvement of the loose mediastinal tissues due to tuberculosis, 
leading to symptoms resulting from compression. Opie, in his discussion 
of a paper by Kornblum and Cooper (1) in 1930 said, “For the first time 
it establishes tuberculous mediastinitis as a clinically recognizable con- 
dition. Tuberculosis of the mediastinal lymph nodes is not tuberculous 
mediastinitis. The designation is appropriate only when the lesion 
extends into the adjacent cellular tissue.”’ 

Though necropsy was not possible in the case to be reported, the 
aetiology seems to be without question. The publication of this case 
seems indicated not only because of its unusual characteristics, but also 
to serve as a warning to the possible use of tuberculin in a case of sus- 
pected tuberculous mediastinitis. Marked focal reaction to tuberculin 
in this case clearly indicates the aetiology. 


LITERATURE 


The various causes of mediastinitis are usually stated as pyogenic or 
rheumatic in acute, and syphilitic or tuberculous in chronic cases. A 
careful search of the literature offers little specific information on the 
subject of tuberculous mediastinitis though it is frequently mentioned 
in textbooks. 

1 From the Department of Medicine of Louisiana State University Medical Center, and 
the State Charity Hospital, New Orleans, Louisiana. 
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Osler (2) in 1903 reported a case similar in some respects to the one to be 
reported here. His case was that of a colored male, 22 years old, seen because 
of swelling of the neck, dyspnoea and tightness in the chest which had suddenly 
appeared 6 days previously. There were found puffiness of the face, tender- 
ness in the suprasternal notch and dilated veins over the upper chest. He was 
afebrile and the X-ray examination of the lungs was negative. A pleuroperi- 
cardial friction rub was heard once. A year later the same symptoms were 
present, the veins were more prominent and the X-ray examination was still 
negative. In another 6 months the patient had cough, pain in the right arm, 
and showed a fuller right radial pulse than left. There was impairment over 
the right lung and tubercle bacilli were present in the sputum. On the fourth 
admission, 26 months after onset of symptoms, he had haemoptysis, cough and 
chest pain. The physical signs noted before were more evident. He de- 
veloped tuberculous meningitis. Autopsy showed tuberculosis of lung, spine 
and meninges. There was fibrosis adjacent to and causing occlusion of the 
superior vena cava and innominate veins. The peritoneum and pericardium 
were normal. 


In 1915 Howard (3), in a discussion of the diagnosis of mediastinitis, reported 
two cases probably of tuberculous origin. One case was that of a white male, 
28 years of age, who for 7 years had had cyanosis and oedema of the face 
and neck. There had been variable dyspnoea and orthopnoea in these years. 
Examination showed marked cyanosis of face, eyes, lips, ears and finger tips. 
Collateral venous circulation was present over the upper chest. The heart 
and lungs were negative. X-ray study showed a dense shadow in the medi- 
astinum but not suggestive of aneurism. The second case was associated with 
long-standing empyema and cutaneo-pleurobronchial fistula. X-ray examina- 
tion of the mediastinum was negative. Both cases presented a crunching 
sound over the mediastinum upon lifting and lowering the arms. There was 
no evidence of syphilis in either case. 


Kornblum and Cooper (1) reported five cases in 1930. 

Case 1. A 23 year old white female was seen, a year after the drainage 
of a “cold abscess” of the upper sternal region, because of hoarseness, to be 
followed still later by X-ray evidence of widening of the mediastinal shadow 
and by paralysis of the left recurrent laryngeal nerve. Subsequently there 
were aphonia, weakness, dyspnoea, chest pain and paroxysmal cough. Though 
two and one-half years had passed since the first X-ray examination, there was 
still no clinical nor X-ray evidence of pulmonary tuberculosis. Two months 
later she developed tuberculous pneumonia and died. 

Case 2. White male, 57 years of age, complained of paroxysmal, brassy 
cough of 8 months’ duration. Sputum was negative for tubercle bacilli. An 
X-ray film showed an old pulmonary lesion and widened mediastinal shadow. 
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Before death the sputum was positive. Necropsy revealed tuberculous 
mediastinitis. 

Case 3. A white female, 31 years old, had cough with positive sputum. 
She did well and 9 years later developed a sense of oppression in the chest, 
with dyspnoea and cough. X-ray study showed a wide superior mediastinal 
shadow. The sputum was positive for tubercle bacilli. 

Case 4. A 49 year old white male had cough, and an X-ray examination 
showed widening of the mediastinal shadow. Later an apparent mass extended 
outward toward the left apex. The sputum was positive for acid-fast bacilli. 
Later there was definite tuberculous involvement of the lung. 

Case 5. A white male had dyspnoea and cough. X-ray study demon- 
strated involvement of both lung roots and widening of the mediastinal shadow. 
Later there was spread to the lungs. Necropsy showed chronic inflammation 
of the mediastinal tissues with tuberculous abscesses. 


In 1932 Milles (4) reported the case of a white male seen because of vertigo, 
dyspnoea, orthopnoea and oedema of face and neck, of about a year’s duration. 
There was cyanosis of the face. The X-ray plate showed a widened medias- 
tinal shadow. At necropsy a mass, with caseous areas, was found to encircle 
and obstruct the superior vena cava. 


CASE REPORT 


The case reported here was under constant observation on the author’s 
service for four months. 

C. C. was an intelligent mulatto male, 18 years of age, and a laborer by occu- 
pation. He was admitted to Charity Hospital on March 8, 1935. His chief 
complaint was shortness of breath, cough, and pain and swelling of the left 
arm. In January, 1935, the patient began to be aware of weakness, and he 
was told that he was pale. He felt tired much of the time. At about the 
same time a dull aching pain developed in the left chest, radiating to the lower 
costal margin of that side. About a week after the onset of pain the patient 
began to be troubled with “sore-throat” and cough. The cough was dry 
and hacking in character, but after a few days he began to raise white frothy 
sputum. This soon became yellow and thick, and occasionally was streaked 
with blood. The productive cough persisted until admission. It had been 
worse at night. Coughing was associated with soreness referred to the sternal 
region and the left chest. The patient believed he had been somewhat hoarse 
recently. From the onset of illness night-sweats were profuse, requiring a 
change of clothing at least twice a night. Chilliness was often noted in the 
daytime. Three weeks before admission dyspnoea was noted upon exertion 
as slight as walking acrossthe room. This had been persistent. He consulted 
a physician because of this symptom on February 21. A diagnosis of pleurisy 
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was made and a “pint of yellow fluid” was removed from the left chest. 
Three days after the aspiration the patient developed pain in the left shoulder 
and at the root of the neck. One and a half weeks before admission he awoke 
one morning to find his left arm swollen from shoulder to hand. The shoulder 
was extremely painful upon movement and there was marked tenderness in 
the axilla. The swelling gradually extended to involve the pectoral and supra- 
clavicular regions on the left side. Two weeks before entering the hospital, 
he began to have diarrhoea, with movements every 15 to 30 minutes through- 
out the day and night. The stool was of small quantity, consisting of green 
mucoid material. Tenesmus was present. Diarrhoea lasted one week, finally 
being relieved by paregoric. There had been no nausea or vomiting, but 
there was increasing anorexia. Some loss of weight occurred. 

The patient had always been in good health prior to the onset of his present 
illness. There had been no exposure to tuberculosis. Venereal disease was 
denied. 

His father had died of unknown cause. The mother, 4 brothers and 3 
sisters were living and well. 

Physical examination: The patient was a very light mulatto, obviously 
quite ill, and very anxious concerning himself. He was of sthenic habitus. 

The conjunctivae and mucous membranes appeared to be pale. Pupils 
were equal and reacted normally. The throat was normal. The thyroid 
isthmus was palpable. There was visible swelling in the left neck. The supra- 
and infraclavicular areas were obliterated on the left side. Oedema extended 
up to and back of the left ear. 

Expansion of the chest was limited on respiration, and there was lagging of 
the left side. The swelling which was present in the neck extended downward 
over the left chest to the level of the nipple. The interspaces were obliterated 
on the left side. There was absence of tactile fremitus below the sixth 
rib posteriorly and fourth rib in the axillary line on the left side. The lungs 
were resonant on percussion except in the region of decreased tactile fremitus 
where the percussion note was dull. There was some dulness at the right base 
posteriorly. Breath-sounds were decreased in the areas of dulness. Respira- 
tion was shallow and rapid. 

The cardiac impulse was palpable in the fifth interspace 6 cm. from midline. 
There was a good shift of the impulse with change of position. Cardiac borders 
were difficult to map out but there was apparently noenlargement. The pulse- 
rate was 120 per minute at the right wrist. There was no palpable pulse 
in the left radial or brachial arteries because of the marked oedema. The 
blood-pressure in the right arm was 95/70, but could not be obtained in the 
left arm because of the oedema. 

The liver was palpable 5 cm. below the right costal margin, firm in consist- 
ency and slightly tender. Rectum and genitalia were normal. 
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The left arm was markedly swollen from the shoulder down to and including 
the hand, with deep pitting. It was slightly cyanotic. There was pain in 
the left shoulder on active and passive motion and the left axilla was very 
tender. The lymph nodes of the left axilla were somewhat enlarged, other- 
wise there was no lymphadenopathy. Very slight pitting oedema was present 
at the ankle. 

Laboratory data: Urine was negative. Two blood Wassermann tests were 
negative. The sputum was repeatedly negative for acid-fast bacilli. The 
stool was not remarkable. On admission the red cell count was 4,200,000, 
haemoglobin 70 per cent (Sahli), white cell count 10,300. The differential 
showed 70 per cent segmented leucocytes, 10 per cent stab forms, 0.5 per cent 
juveniles, 0.5 per cent basophiles, 8 per cent small lymphocytes, 2.5 per cent 
large lymphocytes, and 8.5 per cent monocytes. 

The first X-ray examination on March 11 was reported as showing dry 
mediastinitis and pericarditis. 

Progress notes: These are given in some detail because of the interest and 
variation of findings from time to time. 

By ten days after admission the oedema of the left arm had begun to sub- 
side, and the patient was complaining of pain in the right arm and of tender- 
ness in the right axilla. On the following day, March 19, the right arm had 
swollen, being more oedematous now than the gradually improving left arm. 
Four days later the swelling of the right arm had become so marked that the 
radial pulse could not be felt and it was impossible to obtain a blood-pressure 
reading. However, the pulse at the wrist and a blood-pressure of 114/94 
was obtained for the first time in the left upper extremity. For the first time 
the patient was aware of some difficulty in swallowing. 

On March 26 a note was made that the swelling of both arms had now sub- 
sided, but that there was oedema of both legs, the scrotum and penis. A 
diagnosis of mediastinitis had been made, and, because syphilis had been found 
to be the cause in such conditions in the past at Charity Hospital, treatment 
was started with mercury and iodides. Two days later it was observed that 
there was beginning dilatation of the veins over the upper chest anteriorly, 
as evidence of collateral venous return. The following day the right arm was 
as swollen as the lower extremities were, this having occurred over night. He 
had diarrhoea for two days, relieved by bismuth and paregoric. 

On April 1 the oedema of legs, genitalia and right arm was still present and 
the patient was extremely dyspnoeic and somewhat cyanotic. By the 4th 
of April there was pitting oedema of the whole body, all extremities and the 
whole trunk anteriorly and posteriorly, though somewhat less about the face. 
Some cyanosis was present. No ascites could be demonstrated. On the 
following day dysphagia was marked. 

April 8 saw much improvement, a dose of salyrgan having been given the 
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preceding day. The general body oedema had subsided to a great degree and 
there was improvement of the constant troublesome nonproductive cough. 
Dysphagia persisted. On the following day oedema was practically gone and 
with its subsidence the collateral venous pattern over the upper chest was 
much more marked than previously. On the 10th, the oedema was gone 
from all parts of the body. X-ray study on April 13 showed a right pleural 
effusion, corroborating physical findings. 

Late in the afternoon of April 13 the patient was given 0.1 cc. of a 1: 10,000 
dilution of Old Tuberculin intracutaneously. Within twenty-four hours he 
presented a marked local reaction. At the site of injection was a vesicle, 
which later sloughed, 7 mm. in diameter, surrounded by an area of fiery redness 
involving the whole forearm from wrist to elbow on the flexor surface. By the 
15th, the oedema of both arms, the neck, face and upper chest had reappeared 
as severe as at any time. Dyspnoea was alarming, he was orthopnoeic, and 
swallowing was almost impossible. On this day the patient had the first 
temperature elevation since entering the hospital. It rose during the day to 
101°F. Fluid was discovered in the right chest, and 1,000 cc. were removed in 
the hope of relieving the dyspnoea to some extent. The patient was very 
hoarse but laryngeal examination showed normal vocal cords. 

On the 16th the temperature was again normal and much of the oedema 
had subsided. The following day 1,200 cc. of straw-colored fluid were removed 
from the right pleural cavity. 

By April 20, the patient was very comfortable, free of oedema, had prac- 
tically no dysphagia, very little cough, and was afebrile. Ultraviolet radiation 
produced a skin rash. On the 26th a note was made regarding the progression 
of the veins over the upper chest, and on the 28th there was oedema of the 
left foot. The liver was still palpable and tender. X-ray examination still 
showed the widened mediastinal shadow, and fluid in the right chest. 

Throughout the month of May and the first half of June the patient was 
at his best. He had no oedema of any parts, only slight cough and no dys- 
phagia. Much of the time was spent out of bed, walking about the ward and 
sitting in a chair. He ate quite well. No fever was present at any time. 
However, the veins over the upper chest, shoulders and in the neck became 
more prominent. One thousand to 1,400 cc. of yellow, clear fluid were aspi- 
rated from the right chest on May 20 and 27, June 15 and 22. Roentgen-ray 
examination on June 21 showed thickening of the right pleura, and for the 
first time obliteration of the left costophrenic angle (figure 1). 

At about the middle of June, the patient developed fever for the first 
time since admission, except for April 15 when the tuberculin test had been 
done. The fever lasted to the date of desertion from the hospital, fluctuating 
widely every day, from 98° to 101° or 102°F. At the same time the patient 
went back to bed because of abdominal pain. There was diffuse, quite severe 
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abdominal tenderness with little muscle reaction. After about 10 days of 
this, diarrhoea developed with frequent green watery stools. The patient 
lost strength and weight very rapidly. Abdominal pain and diarrhoea per- 
sisted until he left the hospital. The right chest was tapped on June 27 and 
July 4. The patient was discharged against advice, upon the insistence of 
his family on July 6. 

A letter from the patient’s home physician stated that high fever, tachy- 
cardia, abdominal pain and diarrhoea persisted to the time of death on July 21. 
No necropsy was done. 


Fic. 1. Showing the wide mediastinal shadow 


DISCUSSION 


From the few reported cases of tuberculous mediastinitis, it is apparent 
that the symptomatology varies according to the mediastinal structure 
or structures pressed upon by the inflammatory process. The lesion 
may be diffuse with wide-spread pressure effects, or localized as indicated 
by a single or few symptoms. It seems that Knox’s (5) statement, 
attributed to Lian, that syphilis attacks the superior, and tuberculosis 
the inferior mediastinum is not tenable. 

The various symptoms in the cases abstracted from the literature 
have been paroxysmal cough, dyspnoea and orthopnoea due to pressure 
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on the trachea and bronchi. Obstruction to the superior vena cava or 
its large branches has led to oedema of face and neck, to cyanosis, as 
well as to a collateral venous circulation. Hoarseness, aphonia and 
brassy cough have been associated with involvement of the left recurrent 
laryngeal nerve. Pain and sense of tightness in the chest are to be 
expected with an expanding or constricting (depending upon the stage) 
inflammatory process. The X-ray studies have almost uniformly shown 
a widened mediastinal shadow. Most of the cases have had their 
tuberculous origin proved by the development of pulmonary tuberculosis 
or by necropsy. 

The case forming the basis for this report showed several interesting 
features, and the diagnosis of tuberculous mediastinitis is acceptable in 
this case in spite of lack of necropsy evidence. The diagnosis is based 
on the history of mediastinitis in a young patient, without any evidence 
for syphilis, and on a marked local, focal and constitutional reaction to 
tuberculin, and finally the clinical picture of tuberculous peritonitis 
and enteritis. 

Conceivably a tuberculous process in peribronchial or hilar nodes 
was the primary focus. This was followed by a diffuse reaction in the 
mediastinum. The mediastinal oedema gradually subsided to reappear 
as an allergic response to an intracutaneous tuberculin test, accompanied 
by intense local reaction as well as fever in an otherwise afebrile course. 
This was followed by a subsidence of the reaction. From this point 
it is probable that a sclerosing process was beginning as shown by a 
progressing collateral venous circulation pointing to increasing obstruc- 
tion of the venous return from head, neck and arms. It seems permitted 
to postulate that this would have continued for months or years, as in 
the cases reported by Osler, Howard and Milles. Or it may be that 
he would have developed the more common “‘mediastino-pericarditis.”’ 
However, the appearance of clinically typical tuberculous peritonitis 
in the latter part of the period of observation cut short the eventual 
picture of a sclerosing mediastinitis. 

The changes in the mediastinum were very widespread and fluctuated 
in degree, as shown by the variable pressure on anatomical structures. 
At one time or another, the pressure involved the tracheobronchial 
tree, the oesophagus and the venous return especially of the head, neck, 
upper extremities and upper chest. More difficult of proof, but very 
probable, was pressure in the lower mediastinum, because of oedema 
of lower levels. The oedema was remarkable. In the arms, at one time 
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or another, it was so extreme that deep pitting was present, as well as 
signs of severe stretching of the skin. Oedema of the lower extremities 
occurred at times, and marked swelling of the genitalia appeared once. 
The liver was constantly enlarged. Also at one time there was pitting 
oedema of the entire body. Yet all this cleared up to be followed by 
weeks of activity upon the ward, and with no subsequent recurrence. 

The pleural effusions, which were negative for tubercle bacilli on 
guinea-pig inoculation, were most probably due to increased venous 
pressure in the azygos veins and their draining intercostal veins. The 
fluid accumulated especially in the right chest. Pericardial involvement 
could not be demonstrated. At intervals throughout the period of 
observation of four months, a shift of the cardiac impulse was determined 
with postural change. The heart-sounds were always well heard. 

The sputum was repeatedly negative for acid-fast bacilli, and at no 
time did the X-ray studies indicate any parenchymatous involvement 
of the lungs, though a widened mediastinal shadow was always found. 

Results from the use of tuberculin, in a dosage commonly used in 
testing, demand some discussion. The patient was extremely allergic, 
as proved by the extensive local reaction. The magnitude of the focal 
response was convincing evidence of the tuberculous nature of the 
mediastinitis. It was followed by such signs and symptoms of pressure 
that they were frankly alarming for some hours. Swallowing, because 
of oesophageal compression, was almost impossible for a time. The 
dyspnoea and orthopnoea were at their worst at this period. Recurrence 
of oedema of face, neck and upper extremities completed the picture. 
The patient was afebrile during the whole course until peritonitis oc- 
curred. One exception to this was about thirty-six hours following 
the tuberculin injection, when the temperature rose to 101°F., as evidence 
of a constitutional reaction. 

Unfortunately Perez’s (6) test was not used, whereby coarse friction 
sounds are elicited over the mediastinum upon the raising and lowering 
of the arms. 

The tuberculous peritonitis, at the end of the clinical course, hardly 
needs discussion. It was characterized by fever, anorexia, diffuse ab- 
dominal pain, and many watery stools without tenesmus. The moderate 
abdominal distension, generalized tenderness without muscle rigidity, 
progressive loss of weight, and the continuation of symptoms until 
death six weeks later made the diagnosis unquestioned. 


R. H. KAMPMEIER 


CONCLUSIONS 


1. A case of tuberculous mediastinitis has been reported, characterized 
by oedema of face, neck, arms and upper chest, and by progressing col- 
lateral venous circulation. 

2. A widened mediastinal shadow was demonstrated by the roent- 


gen ray. 
3. Remarkable local and focal, as well as constitutional, reactions 
occurred following a tuberculin test. 
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INTRAPLEURAL FIBRIN BODIES! 
Observations on Their Development during Pneumothorax Treatment 
SAMUEL A. ROBINS anp MARK H. JORESS 


Fleischner (1) in 1922 first observed discrete masses in the pleural cav- 
ity of patients receiving artificial-pneumothorax therapy for tubercu- 
losis. By X-ray they appeared round, ovoid, pyriform, or sausage- 
shaped, varying in size from 0.5 cm. to 6 cm. in diameter. Although 
they are usually found near the diaphragm, he also noted them else- 
where in the pleural cavity. He called them “fibrin bodies.” They 
are usually single, although several authors (Ballon (2), Klinkowstein 
and Belajewa (3), and Pruvost (4)) have reported multiple bodies. 
Auguste (5) graphically depicted the evolution of a fibrin body in a series 
of X-rays of the chest of one individual. During the early phases of 
its formation, it was suspended by a pedicle, termed the “‘fibrin string.” 
Later the body became detached, giving rise to a free, mobile mass. It 
is this free mass which is usually observed during fluoroscopy. Zavod 
(6) and Wischnowitzer (7) were the first to offer histological evidence 
from postmortem specimens that these free, intrapleural masses con- 
sisted solely of plaques of fibrin. Brandt (8) produced them experi- 
mentally by the intrapleural injection of Scarlet-R and tar. 

There has been much discussion as to the mechanism of the formation 
of these bodies. Fleischner (1), noting that the effusion forming in an 
artificial pneumothorax often contains flakes of fibrin, suggested that 
the fibrin body formed by a process of accretion of these flakes around an 
early nucleus of fibrin. - This process would be facilitated by the con- 
stant motion of the exudate. Sergent and Bordet (9) believed that the 
plaques form only when the fibrin content of this effusion is excessively 
high. Dull (10) claimed that they formed from intrapleural blood clots 
arising from puncture of an intercostal vessel by the pneumothorax 
needle. He consequently called them Blutfibrinkugel. Poindecker 
(11), Stoeffel (12) and Wishnowitzer (7) suggest that the basal tip of the 
compressed lung, by its respiratory movements, churns the pleural 


1 From the Department of Roentgenology and the Pulmonary Clinic, Beth Israel Hos- 
pital, Boston, Massachusetts. 
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effusion. In drawing away from the fluid, this lobe then develops a 
fibrin string which eventually breaks off and forms a free fibrin mass in 
the pleural cavity. Other theories of the aetiology of fibrin bodies are: 
cellular proliferation of the pleura, preéxisting masses of false pleural 
membrane which have become detached, and inflammatory products 
which are converted into fibrin masses. These theories are not now en- 
tertained seriously by most observers. 

There is now general agreement that the presence of effusion is a pre- 
requisite for the formation of fibrin bodies; that they appear especially 
during the stages of beginning resolution and organization of the exudate; 
and that their development requires that the fluid be especially rich in 
fibrin. 

In a series of seventy-five patients receiving artificial-pneumothorax 
therapy, we have made a special study of the formation of fibrin bodies. 
Sixteen of these patients showed such fibrin bodies. A pleural effusion 
had been present in all these sixteen patients and in five the volume had 
been sufficient to obscure the diaphragm and the costophrenic angle. 
The fibrin body may form during the early stages of development of the 
pleural exudate, but rarely can be visualized until the phase of absorption 
of fluid begins. It was only by repeated search during this phase of 
their evolution that we have observed fibrin bodies in sixteen out of 
seventy-five patients, an incidence of 21 per cent. (See table 1.) 

The fibrin bodies were usually pyriform or spheroidal and were most 
often located near the dome of the diaphragm. They were usually 
single. However, as many as eight bodies have been observed by one of 
us (M.H.J.).2 Incipient fibrin bodies, ‘“young forms,’’ were observed as 
small, comma-shaped masses attached to the pleural surface of the com- 
pressed lung. We believe that these young forms are the nuclei for the 
later development of the large, mature body in the presence of an ex- 
cessive amount of fibrin in the exudate. These large bodies ultimately 


Fic. 1a. Arrows point to fibrin bodies attached to region of mediastinum (“‘young form’’). 
Small exudate present. 

Fic. 1b. These bodies are not seen; obviously they are hidden by the fluid which has 
increased. 

Fic. 2. A case of multiple fibrin bodies observed by one of us (M. H. J.) through the 
courtesy of Dr. H. F. R. Watts. 

Fic. 3a. Beginning of a fibrin body. It is seen in relation to diaphragmatic contour. 

Fic. 3b. Later stage in its development; note its position between diaphragm and lower 
end of lung. 


* Through the courtesy of Dr. H. F. R. Watts of Boston. 
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disappear. However, even after the effusion has become completely 
resorbed, or has become organized, a shadowy outline of the mass may 
remain for a long time. Fibrin bodies were never noted after reéxpan- 
sion of the lung following cessation of treatment. 

The earliest appearance of these bodies was thirteen months and the 
latest seven years following the institution of pneumothorax therapy. 
The average period for the first appearance of the fibrin body was four 


Fic. 4 Fic. 5 


Fic. 4. Arrow points to a fibrin body attached to lower edge of compressed lung. 
Fic. 5. Lower arrow points to a large fibrin body lying unattached in pleural cavity; 
upper two arrows point to a body closely attached to the lower portion of the lung. 


and one-half years. Although the sexes are equally divided in the total 
series, of the sixteen cases developing fibrin bodies, twelve were males 
and four females. 

As a rule patients are not aware of the presence of these bodies. Oc- 
casionally, however, they describe a sensation of something striking 
against the chest-wall as they assume different positions. In some cases 
they remain for long periods either occupying their original position 
attached to the margin of the compressed lung, or they may become de- 
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tached and remain as loose bodies in the pneumothorax cavity. Their 
shape may be changed from time to time, depending upon the degree of 
expansion of the lung. 
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HAEMORRHAGE IN PULMONARY TUBERCULOSIS! 


CHARLES K. McCARTHY 


The expectoration of blood may be a symptom of any one of several 
diseases. It is practically always a symptom of some serious condition. 
In cases wherein it is the initial symptom, extensive and careful study 
must be made in order to arrive at an early and correct diagnosis. 

A careful history is all-important. It will frequently give a lead. It 
is indispensable in cases far removed from X-ray facilities. It is sur- 
prising to find how many patients suffering from this symptom will give 
a history of undue fatigue, or slight loss of weight many months before 
the haemorrhage occurred. Such a history points immediately to the 
chest as the site of the trouble. 

On the other hand a complaint of vague or perhaps severe pain in the 
epigastrium, unexplained attacks of nausea, vomiting, diarrhoea or con- 
stipation, suggest that the trouble is probably to be found in the abdom- 
inal cavity, although the chest may be involved also. A history of 
alcoholism is very suggestive. But at no time is a haphazard history 
justified, for ninety-nine times out of a hundred a thorough history gives 
one or several definite clues. 

While there may be several causes for expectorating blood, many 
internists are of the opinion that all haemoptyses should be considered 
as due to pulmonary tuberculosis until proved otherwise. An X-ray 
film of the chest, as well as a careful physical examination, is always 
indicated as soon as possible. In the majority of cases the seat of the 
lesion will be found there. 

The patient with pulmonary tuberculosis, whose initial symptom is 
haemoptysis is fortunate. The sight of blood drives him to the doctor 
much faster than any other symptom would. He thus receives the 
benefits of earlier diagnosis and treatment than he otherwise would. 

The primary purpose of this paper is to discuss haemoptysis in tuber- 
culosis. However, this necessarily involves discussing, to some extent, 
the cases of bronchiectasis, lung abscess and neoplasm, which drift into 
sanatoria. 


1 From the Rutland State Sanatorium, Rutland, Massachusetts. 
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I have taken one thousand consecutive cases from our records, which, 
I think, give a fair cross-section of the general run of patients. Our 
patients are all over seventeen years of age. 

We admit several cases each year, and see numerous other ones in 
our out-patient department, in which haemoptysis has been the initial, 
or an outstanding symptom. In many of these it is difficult to make a 
definite diagnosis until after a period of extensive study. Not infre- 
quently a case admitted with a diagnosis of pulmonary tuberculosis 
proves eventually to be something else. 

There are several possible explanations for haemoptysis. Diapedesis, 
changes in temperature, engorgement of vessels, such as occurs at the 
time of menstrual periods, a decrease in antithrombin in the blood, are 
some of the theories which have been advanced. 

For all practical purposes one cause may safely be assumed as the only 
one of consequence, namely erosion of a blood vessel. Whether this be 
due to tubercle bacilli or to other microérganisms makes little difference 
except insofar as it may direct treatment. From the standpoint of 
treatment, it is extremely important that no mistake be made as to why 
the patient is expectorating blood. In cases which reveal clear apices 
one must consider bronchiectasis and abscess. The more extensive use 
of lipiodol has shortened, considerably, the period of study necessary 
for making a correct diagnosis. Some of the most profuse haemorrhages 
are seen in pulmonary abscess, and bronchiectasis. 

Because of modern advances in chest surgery, it is extremely important 
to rule out pulmonary tuberculosis. Lobectomy, definitely contrain- 
dicated in pulmonary tuberculosis, is to-day curing other pulmonary 
diseases which were formerly considered hopeless. 

Frequency of haemoptysis: The frequency of haemoptysis in pulmonary 
tuberculosis is still a debated question. The figures in the literature vary 
from as low as 20 per cent. to as high as 80 per cent. 

In the one thousand cases studied 40.4 per cent of patients had one or 
more haemoptyses during the course of the disease. 

Some writers speak of a seasonal element. In a study of 408 episodes 
of haemoptyses, the monthly distribution did not reveal any evidence 
for a seasonal factor. 

Prophylaxis of haemoptysis: It has been generally accepted that over- 
exertion plays an important part in bringing on pulmonary haemorrhage. 
It is interesting to note, however, that the greater number of our cases 
occur among patients who are spending practically twenty-four hours a 
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day in bed. Furthermore, they usually occur at night, frequently wak- 
ing the patient from a sound sleep. This is true not only in the frankly 
active patient, but as well in expatients who work all day. 

However, we find exceptions to this rule. Recently I examined a 
patient who had had a thoracoplasty six months previously. I saw this 
patient in the early evening, six hours after she had been tripped by 4 
dog and had fallen down a flight of stairs. A few minutes after the fall 
she had had a haemoptysis of several mouthfuls. After the bleeding 
stopped she rode sixty miles by bus to the Sanatorium. She expec- 
torated no more blood and had not even streaked sputum. 

Treatment: The treatment of haemoptysis in pulmonary tuberculosis 
is unsatisfactory. Fortunately most haemorrhages cease spontaneously. 
One can never be certain whether the treatment or nature has caused the 
haemorrhage to cease. Haemorrhages may be fatal before treatment 
can even be begun. 

Bed-rest is essential in the treatment of haemorrhage. Because the 
patient is always greatly alarmed, he must have mental as well as physi- 
cal rest. Consequently sedatives must be used. Morphia, barbital, 
luminal, dilaudid, in fact practically any sedative is efficient in allaying 
nervousness, but should never be used to the point of abolishing the 
cough reflex. 

Nitroglycerine and ice-caps to the chest may be used in an attempt to 
lower blood-pressure. Calcium lactate, calcium chloride, and sodium 
chloride by mouth, have been used in an effort to hasten the coagulation 
time. We have also used thromboplastin, both intramuscularly and 
intravenously. Congo-red has also been tried. However, it is the con- 
sensus of the medical staff that we have no definite criteria as to the 
efficacy of any of these measures. 

It is interesting to note, however, that the most severe haemoptysis 
that we have seen at this Sanatorium in several years (ninety-six ounces 
in three days) stopped finally after several intravenous injections of 
thromboplastin. This patient was practically moribund. He lived 
sixteen months after the cessation of that haemorrhage and had but one 
dram of blood thereafter. His X-ray film showed numerous large cavita- 
tions in both lungs. 

When a haemoptysis occurs the patient appreciates anything that is 
done. He is always terribly alarmed and is always convinced that the 
treatment, whatever it may be, has stopped the bleeding. I have been 
told repeatedly afterwards how pleased the patients have been to have so 
much done for them while they were bleeding. 
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We have found collapse therapy extremely important in the control 
of bleeding. We believe that artificial pneumothorax, instituted in the 
suitable case, has frequently collapsed a lung sufficiently to control 
haemorrhage. 

I have a patient at the present time, who had bled intermittently for a 
week, several ounces a day, before admission, as well as during the first 
few days after admission. Artificial pneumothorax was begun immedi- 
ately. She only bled once after collapse was instituted. We have not 
been so successful in the use of artificial pneumothorax as an emergency 
method in large haemorrhages. One difficulty is that it is not always 
possible to be sure from which side the blood is coming. In cases with 
extensive lesions with a tendency to bleed pneumothorax has usually 
been tried already and found to be impossible. 

We have had some success in the above type of case with phrenic nerve 
paralysis. 

We have frequently and with considerable success resorted to thora- 
coplasty in order to arrest periodic haemoptysis. 

Prognosis: The question as to whether haemoptysis occurring in the 
course of pulmonary tuberculosis changes the prognosis for the worse is 
sometimes debated. We have noted several cases in which occasional 
small haemoptyses have appeared to make no difference in the course of 
the disease. We have among our employees a large percentage of former 
patients. Many of these people have an occasional small haemorrhage. 
Usually a few days in bed is all that is necessary to get them back on the 
usual routine. Apparently there are no harmful effects. 

However, there are many other cases in which a haemorrhage, large or 
small, definitely marks the beginning of a downhill course. It frequently 
results in a marked increase in the lesions in one or both lungs. In this 
series of one thousand cases, there were 179 deaths, a percentage of 17.9, 
which were definitely the result of haemorrhage. There were 93 deaths, 
9.3 per cent, among the cases who had never had a haemoptysis. 


CONCLUSIONS 


1. The expectoration of blood demands careful study so that a correct 
diagnosis may be made before treatment is instituted. 

2. Sedatives are essential to allay nervousness, but the value of sub- 
stances used to lower blood-pressure or hasten coagulation of blood is 
questionable. 
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3. Collapse therapy is indicated, wherever possible, for the control 
of pulmonary bleeding in tuberculosis. 

4. The importance of overexertion in bringing on pulmonary haemor- 
rhage is debatable. 

5. The seasonal factor in the occurrence of haemoptysis is unim- 
portant. 

6. The prognosis is definitely graver following haemoptysis in most 
cases of pulmonary tuberculosis. 
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THE COURSE OF EXPERIMENTAL PNEUMOCOCCUS 
INFECTION IN TUBERCULOUS RABBITS! 


J. WEISSFEILER, E. N. MOROZOVA anp A. I. STRUKOV 


In the course of a prolonged tuberculous infection, acute infectious 
diseases frequently occur. In such cases the two processes influence 
each other in two directions. First, the acute infection can alter the 
further course of the tuberculosis and second, the course of the secondary 
infection in the tuberculous organism varies from that in a healthy 
organism. 

Koch was the first to point out the significance of secondary infections 
in tuberculosis. Since, many studies (Spengler, Petruschky, Courmont, 
Chmelnitsky) have been devoted to this subject. The second problem, 
the course of a secondary infection in the tuberculous organism, has 
received less attention. In practice, this question arose a long time ago 
in the following formulation: Can a tuberculous organism react to an 
acute infection as well as a healthy one, or does the course of the acute 
infection take a more serious course? It might be expected that an 
infected organism would cope with the secondary infection with greater 
difficulty than the healthy one. However, clinical observation showed 
that many acute infections are borne by tuberculous patients with no 
more difficulty than by nontuberculous patients; but the tuberculous 
process may be aggravated by acute infections. 

Most of the acute diseases of the lungs are caused by pneumococci. 
Therefore the problem of pneumococcus infection during tuberculosis of 
the lungs is of great significance. That pneumococcus infection aggra- 
vates the course of tuberculosis of the lungs has been shown by Courmont 
and Boissel, as well as by Stefko. On the other hand, Frankel, Schroder 
and others found that lobar pneumonia in patients with tuberculosis is 
a rather rare occurrence and that its course is not more serious than in 
the nontuberculous. At autopsy, pneumonia has very rarely been found 
to be the cause of death in tuberculosis patients (Stefko). 

Experimental researches of the last few years have also shown that 


1 From the Central Institute for Tuberculosis, Moscow. 
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tuberculous animals bear some acute infections not worse and sometimes 
even better than healthy ones. The tissue processes, on which these 
observations are based, have however not been studied. Weissfeiler 
found that the reaction to a subcutaneous infection with staphylococci is 
modified by a coexistent tuberculosis. The influence that tuberculosis 
exerts on a nonspecific infection is termed heteroallergy. 

Réssle’s pathergy and Moro’s parallergy are probably phenomena a 
the same order as Weissfeiler’s heteroallergy. Pagel also established the 
difference in the reaction of the healthy and tuberculous guinea pig, 
following the injection of sanocrysin. He reported detailed histo- 
logical studies. 

Bieling and Oelrichs studied experimental pneumococcus infection in 
tuberculous animals. They observed that tuberculous rabbits react to 
intratracheal pneumococcus infection more violently than healthy ones. 
However, the infiltration formed after inoculation of pneumococci van- 
ishes quicker in tuberculous than in healthy animals. These experiments 
show that intratracheal pneumococcus infection causes the same hetero- 
allergic reaction in the lung tissue of tuberculous animals that Weiss- 
feiler observed in staphylococcus infection of the skin—violent but 
quickly vanishing responses and necrosis of the tissue. The same local 
reaction is observed in the lung of a tuberculous organism as in the skin. 
An entirely different situation is observed during the course of a second- 
ary infection following intravenous inoculation, since in this case the 
injected bacilli enter directly into all the organs. The reaction which 
follows is not limited to the site of injection as it is in subcutaneous or 
intratracheal inoculations; it is a general reaction. 

In the case of intravenous infections we must formulate the question 
in the following way: How is the heteroallergic alteration expressed 
during the general infection of the organism? In peritoneal infection we 
have a large surface which reacts to the injected microdrganisms, and 
the peritoneum reacts as an absorbing organ, which distributes the 
microbes by means of phagocytes throughout the organism and, there- 
fore, the latter reacts in the same way as in intravenous inoculation. 

In view of this we studied the course of experimental pneumococcus 
infection after intravenous and intraperitoneal inoculation of tuberculous 
and healthy rabbits. We were interested in the following questions: (1) 
Is the outcome of the infection in a tuberculous animal more or less 
favorable than in a healthy one? (2) What are the histological differ- 
ences in the reaction of the healthy and tuberculous organism? 


PNEUMOCOCCUS INFECTION IN TUBERCULOSIS 


DESCRIPTION OF THE EXPERIMENTS 


Our experiments were done on rabbits, which had received an intra- 
tracheal inoculation of virulent bovine tubercle bacilli in a dose of 0.1 
mgm. two months previously. They had far advanced tuberculosis of 
the lungs. These rabbits were infected with pneumococcus type I 
which, when introduced in a dose of 0.25 to 1 cc. in some intraperitoneally 
and in some intravenously, usually killed healthy rabbits. Simul- 
taneously, the healthy control animals were infected with pneumococcus 
in the same way as the tuberculous ones. Besides this, tuberculous 
rabbits not infected with pneumococcus were killed in order to have 
material for comparative histological study. 

Altogether 14 tuberculous and 13 healthy rabbits were used. Seven 
rabbits were infected with pneumococcus intraperitoneally, and 7 intra- 
venously. Upon studying the mortality of animals following infection 
with pneumococcus, we found no definite difference between the two 
groups of animals. Among the healthy, as well as among the tubercu- 
lous rabbits, 7 died after 24 hours, and 3 animals of each group lived 
longer than five days, and had no longer any pneumococci in their blood. 
The rest of the animals died between two to four days following the 
infection with pneumococcus. Thus, tuberculous animals showed the 
same resistance to pneumococcus as the healthy ones. At the same time, 
the method of inoculating pneumococcus had no significance for the out- 
come of the infection. Histological study of the organs was done by 
A. I. Strukov. He studied the lungs, liver, spleen, kidneys and, in cer- 
tain cases, the heart. A sharp difference in the reaction of the lungs 
of healthy and tuberculous animals was established, and therefore the 
main attention was devoted to this organ. Protocols of the healthy 
and tuberculous animals who died or were killed following one, three and 
fifteen days show this difference. 


DISCUSSION OF THE RESULTS 


The fact that the course of pneumococcic infection in the tuberculous 
organism is not more serious than in the healthy one deserves particular 
attention. All animals without exception had a serious form of tuber- 
culosis of the lungs. This would indicate that even progressive tubercu- 
losis does not lower the resistance against secondary infection with pneu- 
mococcus. The question of whether this identical resistance is the result 
of similar reactive capacity in healthy and tuberculosis animals was 
studied histologically. 
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Fic. 4 


Fic. 1. Control rabbit. Lung, 24 hours following infection with pneumococci. Inter- 
stitial pneumonia. 

Fic. 2. Tuberculous rabbit. Lung, 24 hours following infection with pneumococci. 
Slight thickening of the alveolar walls. 

Fic. 3. Control rabbit. Lung, 15 days following infection with pneumococci. Abscess 
formation. 

Fic. 4. Tuberculous rabbit. Lung, 14 days following infection with pneumococci 


Desquamative pneumonia. 
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Following intravenous inoculation of pneumococcus in tuberculous and 
healthy animals a different reaction results in the lung tissue. Intra- 
venous injection of 0.5 cc. of pneumococcus broth causes in healthy ani- 
mals a clear-cut interstitial pneumonia on the first day. The alveolar 
partitions become thickly infiltrated with cellular elements among which 
leucocytes and histiocytes are found. In tuberculous animals the same 
dose of pneumococcus causes only oedema of the alveolar walls, hyper- 
aemia and a slight proliferation of histiocytes. A similar picture was 
observed with smaller doses. In those healthy animals which lived for 
15 days, desquamative pneumonia and abscess formation were noted, 
while tuberculous animals developed a desquamative pneumonia in a 
considerably lighter form. 

Following intraperitoneal inoculation of pneumococcus the reaction 
of the lung tissue was considerably slighter than following intravenous 
administration; however, a more acute thickening of the interalveolar 
partitions was observed in the nontuberculous animals. In the liver of 
the healthy as well as of the tuberculous animals some fatty degeneration 
could be observed, and cellular proliferation in the periportal tissue. 
In the majority of tuberculous animals, miliary necroses were observed 
in the liver in addition to fatty degeneration. 

In the spleen acute hyperaemia developed and miliary necroses in the 
tuberculous animals. 

No difference in the reaction of the kidneys could be observed in the 
two groups. Degenerative changes in the epithelium of the ducts were 
noted in both groups. 

Interstitial processes in the heart of the healthy animals are more 
frequent than in the tuberculous animals under similar conditions. 

An analysis of the histological changes in the organs of the healthy 
and tuberculous animals shows that the cellular reactions in the healthy 
rabbits are considerably slighter than those in the tuberculous animals. 
This difference is particularly clearly seen in the lungs. In the paren- 
chymatous organs, interstitial reactions predominate in the healthy 
animals, while in tuberculous rabbits mainly degenerative processes are 
noted resulting in necrosis. 

Thus, we see a clear-cut difference in the reaction to pneumococcus of 
healthy and tuberculous rabbits. A higher degree of activity of the 
reticuloendothelial system is observed in tuberculous animals. This is 
manifested by less intense inflammatory processes and by a greater tend- 
ency to necrosis. Our observations in many ways coincide with those of 
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Pagel, who also observed a prolonged reaction of the reticuloendothelial 
system in tuberculous guinea pigs after introduction of sanocrysin; by 
this the author tries to explain the interesting fact that tuberculous ani- 
mals can survive a multiple of the dose of sanocrysin fatal to nontubercu- 
lous animals. 

However, is there any possibility to conciliate the results of our obser- 
vations with Weissfeiler’s observations following subcutaneous infections 
with staphylococcus and with those of Bieling and Oelrichs following 
intratracheal infection with pneumococcus? In the works mentioned 
above a stronger reaction in a tuberculous organism than in a healthy 
one was observed; but we have cbserved in our work directly opposite 
occurrences. In all probability, the cause of this difference lies in the 
fact that in the studies quoted above local infection occurred, while in 
our experiments we produced general infections. In future experiments 
it will be necessary to discover whether the reaction is the same in ani- 
mals less affected with tuberculosis and infected with pneumococcus by 
methods closer to natural conditions. 

Our observations have therefore added new material to the explana- 
tion of the mechanism of heteroallergy in a tuberculous organism. This 
mechanism is not always the same, sometimes it is manifested by a more 


acute and sometimes by a more prolonged cellular reaction. Although 
it has not yet been discovered under what conditions that or other forms 
of heteroallergy occur, certain points of departure for solving this ques- 
tion have been established by us. 


SUMMARY 


1. Rabbits infected intratracheally with virulent strains of tubercle 
bacilli of bovine type cope with an intravenous or intraperitoneal inocu- 
lation of pneumococcus, type I, as well as control animals: out of 14 
tuberculous animals 7 died within 24 hours; out of 13 control rabbits, 7 
also died. Three tuberculous and three healthy control animals lived 
for a period longer than 4 days. 

2. The cellular reaction in a tuberculous animal clearly differs from 
that in a healthy rabbit. The reaction of tuberculous animals takes a 
slower course, has a more exudative character and tends more toward 
necroses than the reaction of healthy rabbits. 

3. The difference observed in the reactions of tuberculous and healthy 
animals can be explained by heteroallergy due to tuberculous infection. 
Thus, heteroallergy plays an important part in the course of nonspecific 
infectious processes in a tuberculous organism. 
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Henry Robert Murray Landis 
1872-1937 


Henry Robert Murray Landis died of tuberculosis in the Bryn Mawr 
Hospital on September 14, 1937. His illness had been a long one, the 
disease having been manifest first while he was an interne in the Phila- 
delphia General Hospital in 1899. His health was apparently restored 
at Saranac Lake, where he knew intimately the able and distinguished 
staff of Trudeau Sanatorium. His life was much influenced by these 
early contacts, and was an example of Dr. Trudeau’s greatest achieve- 
ment, the inspiration he transmitted to those who knew him to devote 
their lives to the campaign against tuberculosis. Dr. Landis worked 
in this field for thirty-five years after his breakdown with splendid 
courage and recognized success. 

He was born in Niles, Ohio, on February 3, 1872. His father was a 
member of the Landis family of Pennsylvania, which had produced a 
number of prominent and successful men. At Amherst College, where 
he was graduated in 1894, his course was marked by fair scholarship 
and great devotion to baseball. He was always loyal to Amherst and 
the friends he made there; he was very proud of the number of Amherst 
men who have rendered conspicuous service to the country; and the 
receipt of the degree of Doctor of Science from his alma mater in 1929 was 
to him the crowning honor of his life. His medical training was taken 
at the Jefferson Medical College in Philadelphia, from which he grad- 
uated in 1897. 

In 1902, he married Miss Margaret Tucker of Philadelphia, who 
survives him. 

His active medical life was devoted to the study and prevention of 
tuberculosis. His return to work after his first temporary restoration 
to health was coincident with the founding of the Henry Phipps Insti- 
tute under Dr. Lawrence F. Flick as Director. Dr. Landis became a 
member of its staff and later was made Director of the Clinical and 
Sociological Departments, which office he still held at the time of his 
death. In 1926, he was made Professor of Clinical Medicine in the 
University of Pennsylvania. Although his work was chiefly in the field 
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of tuberculosis; his knowledge of general medicine was very wide. He 
was the editor of International Clinics from March, 1916, until June, 
1921. During the World War he was for a time Acting Physician-in- 
Chief of the Peter Bent Brigham Hospital in Boston. 


Henry Robert Murray Landis 
1872-1937 


He was the author of many papers dealing with tuberculosis. His 
textbook Diseases of the Chest, written in collaboration with Dr. George 
W. Norris, was first published in 1917 and has gone through five editions. 
It still is the most widely used textbook dealing with this field in many 
of the medical schools of the country. He was on the Editorial Board 
of the AMERICAN REVIEW OF TUBERCULOSIS. 

During his first decade at the Henry Phipps Institute, Dr. Landis 
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made studies in interesting fields connected with conditions he found 
among his clinic patients. He supervised a study of working conditions 
in the clothing industry; he was a pioneer in organizing a business in 
which rehabilitation of patients who had improved under treatment 
could be carried on; he devised a system by which studies of tuberculosis 
in the Negro race could be conducted by Negro doctors and nurses under: 
his training and supervision. He was a member of the visiting staff 
of the White Haven Sanatorium for more than thirty years, and, while 
on this duty, became greatly interested in the manifestations of disease 
caused by dust inhalation. His papers on silicosis and anthracosis are 
among the pioneer studies in this field. 

In his own thought, his study of tuberculosis in the Negro race and 
the development of Negro work was his most interesting and constructive 
accomplishment. It originated in his perception, during his early 
years at the Institute, that Negro patients were few in proportion to 
the total attendance, and that many of them made only one visit. He 
felt that white doctors and nurses perhaps did not understand the work- 
ings of the Negro mind, its fears, superstitions, dislikes, etc. Accord- 
ingly, in 1914, he added to the staff, through financial assistance from 
the Whittier Centre of Philadelphia, a competent Negro nurse. This 
experiment was a pronounced success, as Negro patients came to the 
clinic in constantly increasing numbers and continued their treatment. 
When the Negro Bureau of the Philadelphia Health Council and Tuber- 
culosis Committee was formed, Dr. Landis was made Chairman, and 
the Negro staff under his supervision numbered ten physicians and 
twelve nurses. In succeeding years his method of dealing with this 
problem has had a very wide influence, not only in Philadelphia, but 
throughout the nation. This is shown by the recent report of the 
Committee of the National Tuberculosis Association on Tuberculosis in 
the Negro, of which Committee he was Chairman. 

Dr. Landis was one of the founders of the National Tuberculosis 
Association, and an Honorary Vice-President during the last three 
years. He was President of the Pennsylvania Tuberculosis Society 
from 1928 to 1932, and for years was an influential member of the Board 
of Directors of the Philadelphia Health Council and Tuberculosis Com- 
mittee. Among the many societies in which he took an active part were 
the College of Physicians of Philadelphia, the National Tuberculosis 
Association, the Association of American Physicians, the American 
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Sanatorium Association, the American Clinical and Climatological 
Association and the American Medical Association. 

Dr. Landis, in addition to his medical interests, was a man of broad 
scholarship and wide reading. He was a collector of rare books and 
prints. His attractive and forceful personality made him an inspiring 
teacher and an interesting companion. His friendships in social life 
and in his clubs were very wide. He was of aristocratic’tastes, but 
perhaps his most strongly marked characteristic, showing the heart of 
the man, was his friendly attitude toward his subordinates in all hospital, 
clinic, club and domestic relationships. This is shown by an incident 
which became known just after his death. Among his papers there 
was found a pencilled note written in the hospital, in which he requested 
that the services at his funeral should be in his home, simple and private, 
only the family and close friends to be present, except that every member 
of the staff and employees at the Institute, white and black, should be 
invited to attend. 

Bob, or “Hiram,” as he was known, is greatly missed by his many 
friends. Their sorrow at his death need not be described here. 


C. J. H. 
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CUMULATIVE INDEX OF THE AMERICAN REVIEW OF TUBERCULOSIS, Volume I 
to Volume XXXIV, March 1917—December 1936. Pp. 211, National Tuber- 
culosis Association, New York, May, 1937, cloth, $2.50. 


The first Cumulative Index of the American Review of Tuberculosis contains 
all original papers that appeared in the first thirty-four volumes, indexed and 
carefully cross-indexed according to subjects and authors. This work is 
based mainly on the volume indices most of which were prepared with pains- 
taking accuracy by the Editor, Dr. Allen K. Krause. Without this basic 
work, the preparation of the cumulative index would have required an amount 
of labor and time that would probably have multiplied its price. This 2i1 
page volume is not only the helpful working instrument that every cumulative 
index is; it is at the same time a record of the scientific management of the 
Review from March, 1917 on, and it is a representative summary of the tuber- 
culosis work in this country during the last twenty years. 

One might well browse through this volume, in spite of the agpesent aridity 
of an index, and one may extract from it interesting information as to the trend 
of the published work, as to its distribution in the various fields of endeavor. 
It would seem significant, for example, that the references under Pathology 
cover barely more than one column whereas Experimental heads about four 
columns and Tubercle Bacillus eight and a half. It may come as a surprise to 
find that in the first five volumes there were published almost as many papers 
on artificial pneumothorax as in the last five volumes. On the other hand, 
only fourteen papers on intrathoracic malignancies have been published, all 
of them, with the exception of four, from volume XXI on. 

The main purpose of these lines is, however, toemphasize that this Cumula- 
tive Index is most useful to anyone doing bibliographic work in the field of 
tuberculosis. 


Witiiam F. Petersen: The Patient and the Weather, Volume IV, Part 2, 
Organic Disease (Hypo and Hyperthyroidism, Diabetes, the Blood Dyscrasias, 
Tuberculosis), with the assistance of Margaret E. Milliken. Pp. xvi + 729, 
with 380 figures in the text, lithoprinted by Edwards Brothers, Inc., Ann Arbor, 
Michigan, 1937, $11.00. 

By AARON E. MARGULIS 


“We are imitative beings; we respond to the tone and colour of our environment al- 
most against ourselves, and still have our links with the chameleon and the moth.” 
—James STEPHENS, The DemiGods. 
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This review will attempt only to delineate the scope of this book rather than 
essay a complete description and critical analysis of its contents. First, the 
subject of tuberculosis occupies only a minor part of this volume (the remainder 
treats of thyroid disorders, blood dyscrasias, and diabetes), a subsequent com- 
prehensive monograph devoted to tuberculosis being promised. Second, an 
abstract necessarily brief to meet the requirements of the Review would be 
unfair to the author and misleading to the prospective reader, for just as this 
work embodies a synthesis, so does it gain in totality and lose in dissection. 
The whole imparts a significance and a satisfactoriness that is only dimly per- 
ceived in a summary of it. 

This volume is an additional unit in Doctor Petersen’s prodigious study 
which may be tentatively catalogued as a treatise on human ecology, although, 
as will be shown, its final aim has deeper and broader implications than that 
designation implies. It is a continuation of the study of adaptation that has 
its roots in Darwinism—a study, as Doctor Petersen emphasizes, in purely 
materialistic terms, of Darwinian fitness as compounded of the mutual rela- 
tionship between organism and environment. 

Of the many environmental factors involved in this relationship Doctor 
Petersen’s concern lies with those that are commonly grouped under the term 
“weather.” He has attempted to establish the general thesis that meteoro- 
logical changes are of significance for, and may initiate disease processes, or 
precipitate episodes in their evolution. The average reaction to this thesis, 
the reviewer has discovered for himself, is one of scepticism or derision. An 
analysis of this illogical reaction is in itself of interest for it leads directly to 
the deeper import of Doctor Petersen’s studies. For this reaction is illogical; 
essentially it is no less reasonable to suggest that atmospheric changes may 
precipitate, for example, a thyroid crisis than to postulate that they cause a 
column of mercury to rise in a tube, or a recording lever to change its position. 
The difference lies only in conventionality of conception—in one instance a 
correlation has been universally accepted, in the other it should at least be 
held sub-judice. 

The importance of Doctor Petersen’s work lies in his attempt at a funda- 
mental reorganization of medicine. Where theoreticians have but stated the 
need, he has aétacked it in a practical way. He has, by way of a study in or- 
ganismal adaptation, approached a tentative formulation of a methodologically 
practicable, synthetic, monistic theory of disease processes. Without any 
doubt in the reviewer’s mind, intent and methodology vastly overshadow in 
importance results and conclusions. Before achievement comes trial, and 
Doctor Petersen has made a profound and arduous contribution. 

His basic attitudes are derived from the Hippocratic corpus, in that he seeks 
a formulation of disease in terms that transcend the “pockets” of nosology and 
the vocabularies of artificially created, specialistic autonomous disciplines 


| 


106 BOOKS 


(immunology, bacteriology, etc.). These he combines with a conviction that 
many biologists now share (see J. S. Haldane The Philosophy of a Biologist), 
namely, that physical and chemical data can be effectively applied to the study 
of disease only if one realizes and takes into account the fact that the essence 
of the phenomena of life is codrdination and maintenance. But this homeosta- 
sis, Cuvier’s “preservation of form in a stream of energy and matter,” is in 
reality not a status quo, but a fluctuation within a narrow range in which are 
perceived cycles of biological rhythms. A study of these rhythms constitutes 
Doctor Petersen’s point of attack. He has sought to establish that when 
patients are followed day by day clinically and chemically (and an exhaustive 
list of determinations were carried out, with emphasis on the vascular status 
and reactions, chemical and hormonal conditions, and the reactivity of the 
skin to inflammatory stimuli) there can be discerned a rhythmic change of 
state, oscillating between two antithetical poles. What these constellations 
are, the reviewer will leave to the reader to ascertain. A brief statement of 
them neither truly informs nor appears as reasonable as when buttressed by 
the text. The elements in terms of which these fluctuating states are de- 
scribed are familiar ones—oxidation, reduction, anabolism, catabolism, per- 
meability, pH, etc.—elements which are involved in all physiological or patho- 
logical-physiological processes. All individuals exhibit these cycles, but there 
are quantitative differences (“the individual constitutional reactivity”). For 
example, in disease this biological flux may be unstable and excessive (as 
hyperthyroidism) or retarded and sluggish (as cretinism); and similar altera- 
tions accompany the widest variety of abnormal physical or psychical states. 
Many exogenous and endogenous factors condition this pendulation of the 
organism. But of these, Doctor Petersen’s thesis states, and data are adduced 
to show, that meteorological changes play the most important réle as stimuli, 
and do therefore condition the reaction of the patient or indeed initiate clinical 
alterations. A meteorological event to which the nicely attuned normal indi- 
vidual would react competently by highly labile, automatic mechanisms 
results in the actually or potentially inadequate patient in over-stimulation 
leading to functional exhaustion or over-response. For Doctor Petersen, 
therefore, the isolation of the individual is a fiction, and the organism is 
inseparably linked to the inorganic world about him. The human is thus in 
a very real sense a “cosmic resonator” and disease is but an expression of 
inadequacy to environment. 

As regards tuberculosis, Doctor Petersen has in previous studies developed 
the significance of the focal reaction in the tuberculous individual. But he 
views this as not necessarily a specific immunological phenomenon, but he 
ascribes to the general metabolic status of the organism a far greater signifi- 
cance. Resistance becomes a physico-chemical-enzymatic phenomenon, and 
depends on whether the focus is digested or not. Digestion results in dissemi- 
nation, and vice versa. 
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The potentialities of digestion of the focus will vary with the antipodal 
phases of metabolism (for example, increased permeability in one, and de- 
creased in the other), the changing tide of dominance as between these being 
meteorologically conditioned. Hence the potential significance of the latter 
for the tuberculous. In this volume the discussion is limited to the presenta- 
tion of data that in Doctor Petersen’s opinion demonstrate that such is the case. 
Representative case histories are given in detail, and graphs are exhibited in 
which the ordinates are both meteorological and clinical data, and the abscissae 
are iso-temporals. Direct or inverse correlations are then pointed out between 
cyclonic events and disease phenomena. The conclusion is reached that 
meteorological changes influence the course of the disease both for good and 
evil, and play a réle in the initiation or precipitation of clinical episodes in 
tuberculosis. 

Thus Doctor Petersen’s plan emerges in its entirety. These are an uncom- 
mon series of books; very few such projects have been carried through with 
such meticulous, arduous zeal, and masterly scholarship and scope. Yet this 
in no way implies freedom from error. Judgment of the “truth value” of 
this study, of the necessariness and sufficiency of its concepts must for the 
moment remain for individual judgment until, after digestion and analysis, 
group opinion crystallizes out. To read these books places no mean demands 
upon the reader. The text and commentaries are voluminous, but they 
contain a wealth of ordered medical information. The graphs are often 
bewilderingly complex; the reader will be continually plagued by questions as 
to the necessity or desirability of drawing causal connections between sugges- 
tively parallel or divergent curves; by the application of macro-climatological 
measurements to micro-climatological conditions. But perhaps, like the re- 
viewer, he will come away from the book significantly stimulated by this 
literally heroic effort to give redirection to medical thought, to avoid the 
stalemate that seems to face current preoccupation with the working out of 
minutiae, and to introduce order and continuity into what, at the moment, 
is discrete and chaotic. 


Joun ALEXANDER: The Collapse Therapy of Pulmonary Tuberculosis. With 
contributions of Chapters III and IV on Physiological Principles and Pathology 
of Pulmonary Collapse by Max PINNER; Chapters XI and XII on Pneumo- 
thorax by JoHN BLAIR BARNWELL; Chapter XV on Oleothorax by KirBy SMITH 
Howtett, Jr. Pp. xiii + 705, with 367 wlustrations and 6 plates, Charles C. 
Thomas, Spring field, Illinois, 1937, cloth, $15.00. 


By THOMAS J. KINSELLA 


John Alexander’s first volume, “The Surgical Treatment of Pulmonary Tuber- 
culosis,” published in 1925 at a time when collapse therapy for pulmonary 
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tuberculosis aside from pneumothorax was used to a very limited degree, 
brought to the medical profession of this country a very comprehensive review 
of this special field to the date of its publication. It soon became the accepted 
text on the subject and was undoubtedly responsible in many ways for the 
rapid development and popularization of this type of treatment. 

The present volume has been greatly enlarged and completely revised in the 
light of the author’s extensive experience and the marked changes and develop- 
ments of the past twelve years. The opening chapter on the Perspective of 
the Collapse Therapy of Pulmonary Tuberculosis describes the material forming 
the basis of the author’s studies, and contrasts the results obtained by sana- 
torium treatment of the disease with little or no collapse therapy, with those 
obtained by a combination of such treatment supplemented by the extensive 
use of surgical collapse. A review of the effects of collapse in minimal, moder- 
ately advanced, and far advanced tuberculosis and the possible field for its 
use throughout the United States follows. The discussion on the training of 
the thoracic surgeon and his relation to the sanatorium is particularly timely 
and pertinent. 

The chapter on the Evolution of Surgical Therapy, revised and brought up to 
date since the original edition, briefly describes the development of the various 
surgical procedures and the men responsible for them and again presents photo- 
graphs of the pioneers in the field of collapse therapy. 

The Physiological Principles of Collapse and the Pathology of Collapse are 
admirably considered in two chapters by Max Pinner. Respiratory physiology 
under normal and pathological conditions is adequately discussed together with 
the alterations produced by the various types of collapse. The 45 pages 
devoted to this discussion are crammed full of interesting and valuable infor- 
mation gleaned from the writings of some 375 authors who are quoted. A 
thorough study of the material presented in these chapters is recommended to 
all who are interested in the treatment of pulmonary tuberculosis and other 
pulmonary diseases. An adequate application of much of this information in 
daily work may well distinguish the true thoracic surgeon from “just another 
rib cutter.” 

The chapter on Choice of Operation covers a very difficult subject in an excel- 
lent manner. The advantages and disadvantages, indications and contra- 
indications of the various types of collapse are discussed fully and impartially. 
A careful study of the 84 diagrams and the descriptive material accompanying 
them, illustrating numerous complicated problems in the choice of the proper 
procedure or sequence of procedures, will prove of great value to all interested 
in the subject, as they depict more clearly than many pages of descriptive 
material the attitude of the author and his coworkers toward the handling 
of tuberculous pulmonary disease. 

Three chapters, a total of 63 pages, are devoted to surgery of the phrenic 
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nerve. Full consideration is given to the anatomy and physiology of the nerve, 
the technique of surgical approach, and to the direct and indirect effects of 
interruption, as well as to the results obtained by the use of the procedure. 
The author gives a fair and impartial consideration to this controversial 
subject, concluding that the procedure is of definite value where indicated, but 
stressing the importance of temporary over permanent interruption. 

Chapters XI and XII by John B. Barnwell are devoted to a discussion of 
unilateral and bilateral pneumothorax. The subject is handled in an excellent 
manner and the text is supplemented by numerous abstracts of case histories 
and reproductions of roentgen films. A wealth of valuable material for the 
guidance of the clinician is included. A chapter on closed and another on 
open Intrapleural Pneumonolysis follow. A separate chapter on Oleothorax 
by Kirby S. Howlett, Jr. carefully discusses the technique, indications, contra- 
indications and results of the therapeutic use of oil in the pleural cavity. 
Extrapelural pneumonolysis with the various types of filling material is ade- 
quately described in two chapters. Short chapters are also included on 
Bilateral Collapse Therapy, Scaleniectomy, Intercostal Neurectomy, Surgical 
Drainage of Pulmonary Cavity, Tuberculous Empyema, and Tuberculosis of 
the Chest Wall. 

Extrapleural thoracoplasty is extensively considered in nine chapters, 
devoted to indications and contraindications, preoperative management, 
anaesthesia, technique, development of the modern operation, anterior opera- 
tions, reoperations, postoperative management, and the changes brought about 
by thoracoplasty and to an extensive discussion of results. The numerous 
changes which have occurred in the technique and application of this pro- 
cedure since the publication of the first volume are thoroughly discussed. 
The consideration of preoperative and postoperative management are par- 
ticularly valuable, for the success of the operation on many a patient is deter- 
mined by proper handling before and after surgery. This section is by far 
the most complete and valuable dissertation on the subject which has been 
produced to date. 

Throughout the entire volume, the text is presented in a clear, concise 
manner which makes it easy to read and follow. The authors have presented 
their subjects impartially, exhibiting the balanced judgment obtained by care- 
ful analysis of all information at hand with no suggestion of the crusading 
spirit. Their descriptions of technique are simple yet adequate. The dia- 
grams and photographs, which are used freely, are clear and sharp and are 
accompanied by terse descriptive material. Case histories are used freely 
but are short and contain no unnecessary material. All sections of the book 
are profusely illustrated by reproductions of X-ray films which are clear and 
sharp with special markings added to emphasize the important details shown. 
The composition and printing are excellent. The use of numerous subheadings 
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throughout renders the finding of special material an easy task, and makes the 
work more valuable as a reference volume. The book is carefully indexed for 
ready reference. An extensive bibliography of 1,342 titles is included for the 
convenience of the reader who wishes to refer to the original articles. 

Without a doubt, this masterpiece of Doctor Alexander’s is by far the best 
volume which has appeared on this subject to date and contains a wealth. of 
descriptive and reference material. A copy of it should be in the hands of 
everyone who is interested in the modern treatment of pulmonary tuberculosis. 


Pot N. Coryiios: The Surgery of Pulmonary Tuberculosis. Pathologic 
Physiology, Indications, Procedures, Complications and Results. Pp. ii + 152, 
with 69 illustrations and 28 tables, Brooklyn, New Y ork, Comet Press, Inc., 1937, 
paper, $2.00. 

By RICHMOND DOUGLASS 


This group of essays deals with the application of collapse therapy in its 
surgical forms to the treatment of pulmonary tuberculosis. The magnitude 
of the problem is appreciated when it is realized that approximately 700,000 
men, women and children are ill with tuberculosis in the United States. The 
monograph is limited to the clinical and laboratory experience of the author. 
Emphasis has been given to the physiology and mechanics of the tuberculous 
lung. The value of pneumothorax as a collapse procedure is conceded, but 
an earnest plea is made that unsuccessful pneumothorax should not be unduly 
prolonged to the exclusion of surgery in the form of thoracoplasty which may 
be the more efficient though more dangerous method. 

The author’s views regarding pathological physiology, anatomy and respira- 
tory mechanics of the lung, and of bronchial obstruction are briefly stated. 
The tuberculous lung and the process of cavity formation are discussed with 
emphasis on the importance of obstruction of the bronchial outlet as a requisite 
to cavity healing. No explanation is offered, however, as to the fate of retained 
secretions, nor is any citation made of postmortem confirmation of this mode 
of cavity healing. 

Recognition is given to the significance of indications in determining surgical 
treatment and the discussion dwells particularly upon the type of tuberculous 
disease present. Acute cases fall into two groups, the exudative benign form, 
and the caseous pneumonic form which ‘“‘can be differentiated by marked 
etiological, microscopical, clinical, and therapeutic characteristics . . . but the 
real pathognomonic signs are revealed by serial and repeated X-ray examina- 
tions which show the appearance of cavities.” No safe and certain diagnosis 
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can be made until resolution in the first or cavitation in the second has taken 
place. Surgical treatment should be deferred and utilized only after the cavi- 
ties have shelled out. The chronic caseous pneumonic lesions represent the 
“surgical cases” while patients with the chronic productive form of tuber- 
culosis do not require collapse for they “are not dangerous either to themselves 
or to the community.” 

Surgery in tuberculosis is synonymous with the treatment of cavities. 
Pneumothorax is usually the first mode of attack, but may be defeated by the 
presence of adhesions which in the author’s opinion prevent cavity closure 
because they maintain the patency of the draining bronchi. However, the 
successful severing of adhesions does result in cavity closure, and therefore 
establishes pneumonolysis as an important adjunct to pneumothorax. 

The chapter on surgical technique describes the equipment devised by the 
author for pneumonolysis and pictures his thoracoplasty instruments. The 
technique utilized in these operations is fully described. Extrapleural apicoly- 
sis with plombe is also discussed, as are phrenic nerve operations and the treat- 
ment of tuberculous empyema. The necessity of crushing the phrenic nerve 
“for a distance of 1 cm.’ as a means of producing temporary paralysis is open 
to question. 

The complications associated with the surgical procedures are discussed, 
with emphasis on pneumothorax and on thoracoplasty. The sections dealing 
with atelectasis, paradoxical respiration, postoperative pneumonias and 
spreads, and shock are instructive. The importance of the postoperative 
aspirations of excessive bronchial secretions is rightly stressed. 

A series of 21 tables presents the results of the surgical treatment of 968 
patients during the period July, 1931 to June, 1936. The surgical procedures 
are separately considered, with especial emphasis on thoracoplasties which 
are considered according to age, sex and race. In all tables the results are 
expressed in terms of mortality or of sputum status. In no place is reference 
made to the functional capacity of the patients credited with a negative 
sputum. The statistics referring to phrenic nerve operations are confusing; 
one hundred operations were performed on patients with a preéxisting pneumo- 
thorax, while in 24 a phrenic operation was the only procedure used, yet judg- 
ment was passed on this measure on the basis of a total of 142 cases. Scaleni- 
otomy showed limited efficiency in a group of 28 cases. Apicolysis with plombe 
was performed in 21 cases in 1931-1932, and was then abandoned. Pneu- 
monolysis was credited with securing 70 per cent of negative sputum in a group 
of 93 unilateral cases. No credit is given to the basic pneumothorax nor is 
any reference made to the ultimate hazards of pneumothorax which were 
quite possibly increased by the effusions complicating pneumonolysis. Effu- 
sions developed in 62 per cent of the total group of 250 cases, and although 


¥ 
| 
" 


it 


112 BOOKS 


tuberculous empyema resulted in only 2.5 per cent, they doubtlessly resulted 
in pleural thickening in others. The results of thoracoplasty in a group of 
529 patients are presented. Death occurred in 34 of 343 unilateral cases, in 
31 of 108 bilateral cases and in 32 of a group of 78 patients who had tuber- 
culous empyema with mixed infection, extensive revisions of thoracoplasties, 
or Schede operations, making a total of 97 deaths. Two hundred and fifty 
patients were discharged with negative sputum, while the remainder, 182, 
had either left against advice or were still in the institution. 

There is evidence of hasty preparation of the material; but the volume as 
a whole is stimulating to thought and well worth perusal. 

The monograph is printed on good paper and is well illustrated. 


RAYMOND SWYNGHEDAUW: Le moignon pulmonaire dans le pneumothorax 
thérapeutique. Pp. v + 113, with 56 illustrations, Gaston Doin & Cie, Paris, 
1937, paper, 30 fr. 

By MAX PINNER 


The present studies were undertaken in an attempt to elucidate further 
some of the physiological principles governing hypotensive pneumothorax. 
The methods of approach were roentgenological observation, radiokymography 
and, in regard to certain details, experimental studies. The main conclusions 
are: (1) that the pulmonary lobes, unless the interlobar fissures are obliterated, 
are mechanically independent units and, in hypotensive pneumothorax, are 
frequently “dislocated” from their normal relation; (2) that the lobes in normal 
conditions have an individually differing retractability, the upper lobes retract- 
ing more than the lower ones under equal intrapleural pressure; (3) that the 
respiratory motion of the upper lobes is caused by the motion of the upper ribs 
and that of the lower lobes by that of the lower ribs and of the diaphragm; 
(4) that under certain conditions phenomena arise which the author sum- 
marizes as la grande expansibilité des lobes sains; (5) that atropine, in the 
majority of cases, increases intrapleural pressure, presumably by causing a 
reaeration of perifocal atelectatic areas. 

All these findings, essentially an elaboration and refinement of previous 
work, are used to create a more complete picture of the physiological changes 
in and the therapeutic potentialities of hypotensive pneumothorax. The 
different elastic properties of the individual lobes are, in the author’s opinion, 
more potent factors in the genesis of selective collapse than the weight of the 
lung, a factor that is greatly stressed by Parodi in Italy and by Dumarest in 
France. In regard to these discussions one can hardly suppress the suggestion 
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that medical arguments on matters of physics might better use physical terms 
according to their accurate definition. In this study, as in many others on 
this subject, the popular notion, as against the scientific definition, is carried 
over that elasticity is that property that makes it so easy to stretch a rub- 
ber band. 

The most original part of this monograph presents radiokymographic studies 
on pneumothorax cases. These elaborate observations have not produced any 
original facts, though they have confirmed and put on a more quantitative 
basis the notions that Sergent in particular has propounded for some time 
about the independence of the pulmonary lobes. However, it would hardly 
be fair to judge by this particular work the significance of radiokymographic 
studies in respiration. On the other hand, we find at least one example for 
the danger of overreliance on one single method of examination: the kymo- 
graphic tracings show that the inspiratory expansions of the upper lobes are 
parallel to but greater than the inspiratory movements of the upper ribs. 
Hence the conclusion that the upper lobes are motivated exclusively by the 
movements of the upper ribs. Without the aid of such tracings it is obvious 
that the inspiratory descent of the diaphragm cannot be without influence on 
the degree of expansion of the upper lobes; and it is precisely this influence 
that explains the recorded but undiscussed fact that the upper lobes expand 
more than their alleged sole motivators, the upper ribs. 

The individually different elasticity of the lobes, established for dog’s 
lungs, should be confirmed for human lungs. 

The syndrome of the “great expansion of the normal lobes,” the physically 
necessary counterpart of selective collapse under sufficiently low intrapleural 
pressure, is presented as a somewhat mysterious phenomenon. It is better 
known as the compensatory emphysema of the uninvolved lobes. 

The pharmaco-dynamic influences that may be exerted upon intrapleural 
pressure by way of the vegetative nerve system need much further work. 
It would seem desirable not only to study a wider range of pharmaca, but 
to analyze through which particular action such influences are mediated. 
There is the possibility that such drugs alter the midposition of the thorax, 
the relative distribution of the circulating blood, the secretory function or the 
width of the bronchi; they may affect the permeability of pleural and capillary 
surfaces, and so on. Doctor Swynghedauw does not venture an opinion on 
these questions. 

In a summarizing advice to the reader it should be said that this monograph 
contains a good deal of importance to those interested in the basic and theo- 
retical principles of pneumothorax, but little for those concerned only with 
its practical application. 
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SAMUEL A. LEVINSON AND ROBERT P. MacFate: Clinical Laboratory Diagno- 
sis. Pp. 877, with 144 engravings and 13 plates, Philadelphia, Lea & Febiger, 
1937, cloth, $9.50. 


By MAX PINNER 


There is a considerable number of books on clinical laboratory diagnosis on 
the market. A new book on this subject must justify its appearance. Thé 
authors of this book have followed a definite aim in a definite way. They 
wished to provide “to the student, interne, practising physician and technician 
a suitable review of clinical laboratory diagnosis sufficient to meet their 
general needs” and they wished, in regard to each procedure, to anticipate a 
minimum of actual knowledge on the part of their readers. These aims are 
achieved by brief and basic clinical and pathological statements in addition 
to the principa! information, namely technical procedures. These statements 
are not meant as primary information, but rather as aids to a failing memory, 
or as recrystallizations of previously available knowledge. These statements 
are as authoritative as their concise oversimplification will permit. Essen- 
tially the same is true for the enumeration of the clinical conditions in which 
a given laboratory result may be obtained. 

The authors have paid particular attention to the practicability of their 
text in actual work. This leads to a unique plan of an elaborate but simple 
system of cross-references within the text, obviating many a search in the index 
of the book. This arrangement has the further advantage of avoiding repeti- 
tion without a loss of clarity and completeness. Anyone who has used this 
book as a constant companion in laboratory work for some time will readily 
realize the great aid that this particular arrangement provides. 

While the tenor of this work is a sound conservatism, and while it is a 
thorough and reliable guide, it might be suggested for later editions that are 
bound to appear, that a sharper distinction be made between fundamentally 
important procedures and auxiliary tests of questionable usefulness. 

The many illustrations are well chosen and adequately reproduced. 

As a whole, it seems to this reviewer that this text is a valuable addition 
to the existing books in this field because it is accurate in information, lucid 
and concise in style, and infinitely more practical and time-saving at the work 
bench than most other similar works. Any laboratory worker in tuberculosis 
hospitals, physician or technician, should be well equipped with this book and 
one of the well known more specific texts, such as the one by Willis or by 
Baldwin, Petroff and Gardner. 
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NATHAN Raw: The Control of Bovine Tuberculosis in Man. Pp. viii + 128, 
with 12 illustrations, London, Bailliere, Tindall & Cox, 1937, cloth, 6s. 


By HENRY STUART WILLIS 


The burden of this little book is a worthy and important one, especially to the 
British for whom it was written primarily. It points out the dangers to human 
beings from the intake of milk which comes from the tuberculous cow. It 
emphasizes over and over again the facts that (/) the incidence of tuberculosis 
in cattle is high in the British Isles; (2) about ten per cent of the milk sold 
for human food is contaminated with bovine tubercle bacilli; (3) 2,000 children 
in England and Wales die annually from tuberculosis of bovine origin and 4,000 
develop the affection in varying forms; (4) prophylactic inoculation of a living, 
nonvirulent strain of human tubercle bacilli protects calves from the inroads 
of the disease. 

The author’s evaluation of the needs in the present circumstances takes into 
account several issues. The expense involved in the plan of eradication by 
slaughter of all reacting cattle is deemed too great and is not advised. But 
the Bang method of separating calves from mothers at birth and the com- 
pulsory pasteurization of milk are defended and vigorously advocated. 

The book warns of the dangers in the situation, yet it contains much matter 
which is needlessly uncorrelated. Its 12 chapters have distinct titles, but the 
subject matter of one may be repeated one or several times in several other 
chapters. One gains the net impression that these chapters had been used as 
separate essays or addresses and had later been brought together into book 
form without very much correlation. 

This work contains much that is vague and indefinite, especially where 
results from vaccination of calves are concerned. The data used in several 
of the tables are old—some of them dating back to the earlier work of the 
British Royal Commission. This causes the reader to wonder concerning the 
present-day status. The story is given of therapeutic vaccine—a kind of 
tuberculin prepared from dried, pulverized, avirulent tubercle bacilli of which 
the bovine bacillus goes into the preparation used for the treatment of calves. 
Twelve well executed illustrations embellish the book and, to some extent, 
supplement the subject matter dealt with in adjacent pages. Mortality ex- 
perience is referred to rather loosely. On page 26 it is stated that 3,000 
children under the age of 10 die annually of bovine tuberculosis in Great 
Britain: on page 44, 2,000 die in England and Wales, and on page 62, 10,000 
die in the British Isles each year. The author makes several sallies into the 
field of theory when he attempts to support his idea of mutation of tubercle 
bacilli from bovine to human type by depending upon ratiocination and citation 
of unproved case reports. 
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Taken altogether the book should do good in still further directing atten- 
tion to what appears to be a deplorable condition. 


I. J. Parvo: Base para la interpretacién de la radiografia del téraxd el adulto. 
La imagen en el sujeto sano (proyeccion dorso-ventral). Pp. 114, with 67 figures 
in the text, Lit. y Tip. del Comercio, Coracas, 1937, paper. 


By 1. BIRD-ACOSTA 


Basing his work on the study of routine radiographs of the chests of healthy 
university students (cases with a history of contact with tuberculosis or of 
pulmonary disease were carefully excluded) I. J. Pardo presents an interesting 
and useful monograph on normal shadows which are apt to prove confusing in 
the interpretation of radiographs of the chest. 

The author divides the radiographic shadows of the normal chest into the 
following groups: (1) soft tissues; (2) bony framework; (3) diaphragm; (4) 
midthoracic shadow; (5) pulmonary parenchyma; (6) pleura; and (7) areas 
of calcification. 

By the aid of good reproductions and diagrams attention is called to the 
unusual shadows which may be produced by the soft tissues. These include 
the shadow of the sternocleidomastoid muscle which may simulate infiltration 
or cavitation at one or both apices, especially when it gives rise to the so 
called hour-glass shadow; the pectoralis major, and the breast, including the 
nipple, whose shadow may at times be mistaken for an area of nodular infil- 
tration; and lastly cutaneous folds, particularly over the clavicle, which in 
thin subjects give rise to a narrow band several millimetres in thickness which 
runs alongside the superior border of the clavicle. 

In discussing the bony framework of the thorax, the author points out that 
in many cases the natural curvature of the ribs places the costal groove in 
such a relationship to the beam of the X-rays as to produce lineal effects in 
the inferior arch which may be puzzling. These effects have been previously 
described by Alban Kohler. Not infrequently the borders of the costal 
grooves appear unusually prominent and manifest themselves in the radio- 
graph by thin crest-like projections in the lower border of the ribs. An anoma- 
lous ossification of the costal tubercle is another finding which is apt to lead 
to erroneous conclusions. This is generally observed in the upper ribs and is 
usually bilateral. 

A thin exostosis arising from the margin of a rib may simulate a parenchy- 
matous infiltration. 

When studying the diaphragmatic outline one should not confuse the so 
called double or multiple-dome diaphragm with pleural adhesions. This 
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phenomenon is attributed to irregular contraction of the muscle bundles of 
the diaphragm, which break up the normal diaphragmatic curve into two 
or more segments. 

Obliteration of the cardiophrenic angle may be produced by a cardiodia- 
phragmatic ligament, the inferior vena cava, and, on occasions, by the trans- 
verse process of a vertebra. 

The components of the midthoracic shadow are reviewed and attention is 
called to an almond-shaped shadow which is frequently observed at the inner 
extreme of the sixth right posterior interspace (the so called nodule of Otto- 
nello) which is interpreted by various authors as being produced by the 
azygos vein. 

Ordinarily, healthy pleura is considered radiotranslucent, but the author 
believes that in many cases where the interlobar pleura is visualized as a very 
fine and perfectly regular line the phenomenon may not have any patho- 
logical significance and, as proof of this, he cites cases of his own and other 
investigators where the tuberculin test was consistently negative and, at 
necropsy, no evidence of a thickened pleura was noted. The azygos lobe may 
be considered as another example of visualization of perfectly normal pleura. 

Although pulmonary calcifications are not, strictly speaking, normal 
shadows the author includes them in his discussion inasmuch as 20 per cent 
of his healthy subjects presented such evidence. 

The facts in this monograph are clearly presented and the illustrations well 
chosen. 

The book was intended primarily for the use of medical students and gen- 
eral practitioners who might find it necessary to interpret their own radiographs, 
but the roentgenologist and phthisiologist will also find much valuable and 
interesting information within its pages. 


J. FRmMANN-DAHL AND GEORG WAALER: Rénigenologische und pathologische- 
anatomische Studien tiber den tuberkulisen Primarkomplex. Acta Radiologica 
Supplementum xxxiti. Pp: 60, with 24 illustrations, Nationalirykkeriet, Oslo, 
1936, paper. 


By MAX PINNER 


These studies were prompted by the peculiar epidemiological situation of 
tuberculosis in Norway where the total frequency of tuberculin reactors is 
considerably lower than in most other European countries and where a rela- 
tively large proportion of primary infections take place in late adolescence 
and in adult life. According to pathological data available and to tuberculin 
surveys it appears that primary infections have shifted toward older age 
groups during the last two decades. 
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The authors examined with roentgenological and pathological methods 
200 consecutive necropsies; in 142 of these, they were able to identify a primary 
complex. The detailed studies reaffirmed the pathognomonic character of 
the primary complex, as elaborated by an illustrious sequence of pathologists. 
In several adults, a fatal tuberculosis was found in the presence of an obviously 
recent primary complex. These cases are pointed out in support of the 
opinion that primary infection in the adult leads not infrequently to progres- 
sive disease without the intervention of a latent phase. The number of such 
cases is so small that no valid conclusions seem justified as to the actual fre- 
quency of such occurrences; they are sufficient, however, to prove the actuality 
of such developments. Considerable scepticism is permissible in regard to 
the estimation of the age of tuberculous lesions, and of primary complexes 
in particular, on the basis of exclusive morphological observation. Absence 
of calcification, the main criterion for the relative youth of primary foci, is 
not a reliable index, as has been stated repeatedly. This reviewer has observed 
noncalcified primary complexes that were several years old, and one such case 
in which bacteriological evidence of tuberculosis extended over seven years 
preceding death. 

The authors studied thoroughly all the nontuberculous lesions that pro- 
duced roentgenological shadows of calcium density; they found calcified 
thrombi or emboli in six cases, small, coral-like intradlveolar ossifications in 
seven cases, anthracotic and silicotic nodules (number of cases not stated), 
calcifications and ossifications in thickened pleura in 48 cases. In a person, 
dead by drowning, several small pebbles were found, and in two cases bits of 
wood and cellulose with calcific incrustation in subpleural position. 

The frequency and multiplicity of nontuberculous foci of calcium density 
should warn against the ready diagnosis of tuberculosis whenever calcified 
foci are demonstrated by X-ray. 

This little monograph is well illustrated; it shows the careful study of the 
pertinent material and the conservative interpretation, that are an estab- 
lished tradition in Professor Harbitz’s Institute. 


The Medical Committee of Air Hygiene Foundation of America, Inc., Medical 
Series, Bulletin No. 1. Silicosis and Allied Disorders, History and Importance. 
Pp. 178, with 17 figures in the text, Pittsburgh, Mayer Publishing and Printing 
Company, 1937, paper. 


By JOHN E. CULP 
This volume opens with an introductory chapter defining pneumonoconiosis, 
silicosis, and asbestosis. The protective mechanisms of the human respiratory 
system are discussed in relation to inorganic dusts present in a constantly 
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increasing number of industrial processes. The pathogenic importance of 
dust-particle size is stressed. An attempt is made to classify dusts with 
respect to their ability to produce disease in humans; the book is limited in 
its discussion to inorganic dusts, nontoxic in the usual sense. 

More than half of the bulletin is devoted to a history of silicosis both in 
foreign countries and the United States, enumerating, by occupation and 
industry, dust hazards, present and potential. Experimental and industrial 
research is delineated to show where dust hazard exists. In addition the fact 
is pointed out again that not all cases of pneumonoconiosis are characterized 
by increased susceptibility to tuberculosis. Experimental research in the 
United States is considered, covering many varieties of dusts and their par- 
ticular effect on lung tissues with and without added infection. 

A clear and concise statement concerning what is known about silicosis 
comprises the concluding chapter. In this section, good photographic repro- 
ductions of gross and microscopical sections add value to the text. The 
diagnostic approach to the problem includes the well known methods and 
stresses rightly the roentgenological examination. An outline of proper 
roentgenological technique is submitted. Well conceived summaries compar- 
ing roentgenological and histological appearances in healthy lungs, in simple 
silicosis and in silicosis with infection are presented. 

The bulletin is well written and contains much excellent material for the 
physician or layman interested in industrial hazards. Particular attention 


is given to the chapter dealing with “what is known about pneumonoconiosis— 
especially silicosis, what is controversial, and in what particular directions 


research should be supported by the Foundation....” A comprehensive 
review of the literature is contained in an exhaustive bibliography. 

The foreword states: “Chapters I, II and III were prepared for the Medical 
Committee by Eleanor Rantoul, Research Assistant, Industrial Health Sec- 
tion, Metropolitan Life Insurance Company, New York. The members 
of the Committee edited these chapters and prepared copy for chapter IV, 
which Miss Rantoul then put in order for printing.” 

H. B. Meller is the Managing Director, and the members of the Medical 
Committee are: Drs. A. J.-Lanza, L. U. Gardner, S. R. Haythorn, T. L. 
Hazlett, R. R. Jones, E. P. Pendergrass, O. A. Sander and R. R. Sayers. 


LETTERIO CANNAVO: La broncospirochetosi di Castellani. Pp. 102, with 20 
illustrations, L. Salpiertra, Editore, Palermo, 1937, paper, Lit. 18. 
By GEORGE W. WEBER 


Ever since Castellani described it in 1905, bronchial spirochetosis has been 
recognized as a distinct clinical entity. Its aetiological agent, the bronchial 
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spirochete, (the specific identity of which, however, has been disputed by 
many) is polymorphous, variable in length, presenting pointed extremities 
and no flagellae. In stained preparations it shows coccoid bodies. These are 
thought to be a reproductive phase of the spirochete and are considered its 
main differential characteristic. Cultures and animal inoculations have as a 
rule given unsatisfactory results. 

No specific biological reactions are produced in the individuals affected 
and the Wassermann reaction is negative, unless syphilis is also present. 
The pathological changes reported in necropsies are few. Patches of consolida- 
tions in the lungs and bronchiectatic dilatations may be present. In one case 
(Dagini and Strozzi) the bronchial walls presented angiomatous vascular 
neoformations, which are thought to be responsible for the frequent haemor- 
rages, one of the characteristic symptoms of the disease. 

Other symptoms are slight elevation of temperature, tracheobronchitis 
with cough and mucopurulent sputum which is occasionally fetid, and which 
on standing will settle in two layers. A few bronchial rales may be the only 
physical signs elicited, and the X-ray picture will more often than not reveal 
only an increase of pulmonary markings and some peribronchial fibrosis. 
Mitral stenosis, syphilis of the lungs, pulmonary mycoses, etc., and especially 
pulmonary tuberculosis have to be considered in the differential diagnosis. 
Ultimately the positive diagnosis will have to stand on the presence of the 
spirochete in the sputum. The disease is highly contagious, especially in the 
acute stage, and two epidemics of it were spread in France by colored troups 
in 1917 and in 1924. 

The treatment is based principally on prolonged and repeated administra- 
tion of arsphenamine, and the results depend on the tempestivity of its appli- 
cation. Boccia has suggested, and some Argentinians have tried successfully, 
inhalations of chloroform, a single treatment being sometimes sufficient. 

Although he adds nothing new to our present knowledge of bronchial spiro- 
chetosis, Cannavé has given us an excellent and comprehensive study of the 
disease. It has been his good fortune to observe and to treat nineteen cases 
in different stages of the disease during a relatively short period and he reports 
in detail their clinical histories and the fruits of his observations. 

The monograph is illustrated with several good reproductions of photo- 
micrographs and radiographs, and it contains a list of 141 references. It also 
contains a geographical, as well as chronological index of the more important 
publications on the subject. 
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RogvuE A. Izzo AND OTHERS: Anales del Centro de Investigaciones Tisiologicas. 
Pp. 526, with illustrations accompanying the separate articles, Buenos Aires, 
Argentine, La Imprenta Mercatalia, 1936, paper. 


By ESMOND R. LONG 


The collection of studies included in this volume covers a wide range in the 
field of tuberculosis investigation. Various members of the staff of the 
Centro de Investigaciones Tisiologicas have collaborated in its production. 
The several branches of this institution comprise medical and surgical clinics, 
a prophylactic social service department, a division of roentgenology, labora- 
tories and a library and statistical department. The scope of the library 
is indicated in a series of appendices to the volume. 

The assemblage opens with a careful study of the pathological anatomy 
of the collapsed lung following thoracoplasty. In the healing fibrotic process 
stress is laid upon the pleuroparietal irritative reaction. In an epidemiological 
study aimed to determine the source of disease in one hundred tuberculous 
women, direct contagion could not be established in about 40 per cent. Low 
economic status appeared an important factor, while data for occupation 
proved inadequate for determining the réle of this factor. A number of the 
twenty articles included in the collection are concerned with chemical investi- 
gation in the field of clinical tuberculosis, particularly with the effect of tuber- 
culosis on renal function. Interesting cases are recorded, but, unfortunately, 
it is not clear how much of the renal damage reported may have been due to 
the gold therapy employed. The relation of tuberculosis and cancer of the 
lung is brought up, and although metaplastic proliferation of new epithelium 
in tuberculous cavities is described, the total independence of the cancerous 
growth in other cases is stressed. A number of interesting case reports of 
complications of tuberculosis are presented. 

The book is to be commended as an expression of active investigation in a 
centre concerning itself with all phases of tuberculosis. It can be of interest 
everywhere, as summaries of the articles are given in English, French and 
German as well as in Spanish. The summaries in the foreign tongues would 
be improved by submission to one for whom the language is native, although 
they are readily understandable. Later editions should improve the quality 
of the illustrations, particularly the photomicrographs. 


Health in Colleges. Proceedings of the Second National Conference on College 
Hygiene, pp. 112, New York, National Tuberculosis Association, 1937, cloth. 
By HENRY STUART WILLIS 


This little book records the deliberations of the second National Conference 
on College Hygiene, which is sponsored by the President’s Committee of Fifty 
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on College Hygiene, the National Health Council and the American Student 
Health Association. 

This body has passed beyond the concept of student health as it concerns 
mere absence of illness, and has embraced the idea that “physical, mental and 
emotional hygiene,” and to some extent personal and social behavior, fall 
within the province of college hygiene. It calls upon college administrators 
and officials to recognize new and larger responsibilities and objectives in 
maintaining student health on conventional lines of prevention and care of 
actual disease; in providing an environment that is conducive to the best in 
physical, mental and social hygiene; in furnishing college students with health 
instruction that encompasses these broad concepts; in bringing before the 
student special information, in particular problems of hygiene that are more 
or less peculiar to student life, and in teaching such students as elect the work 
the basic principles of school hygiene in this broad sense, so that they may 
themselves become teachers in the field. 

The book is compact and well bound. It should serve as a base-line guide 
in administration of such work. 


Manual of Tuberculosis for Public Health Nurses. New York State Department 
of Health, Division of Public Health Nursing and Division of Tuberculosis, 


Albany, New York, pp. 65, paper. 
By RUTH W. HUBBARD 


Although originally prepared for the use of public health nurses in New York 
State by the Divisions of Public Health Nursing and Tuberculosis, this manual 
will be welcomed by public health nurses everywhere. Since we recognize 
that tuberculosis is both a family and a community problem, it is apparent 
that the nursing responsibility for these patients cannot rest entirely with any 
one group of nurses. The author presents a manual which emphasizes at 
once the wide variety of community relationships necessary to an effective 
tuberculosis program. Thus all public health nurses meet the tuberculous 
patient at some point in their work, and feel a need of equipment to which 
the handbook in question supplies a most stimulating response. To the nurse 
whose major interest lies in the field of tuberculosis, it will bring that valuable 
assistance which establishes new goals in answering questions. 

Since any effective worker brings to her field thorough knowledge of her 
subject, the nurse in tuberculosis must know the disease. Therefore a descrip- 
tion of tuberculosis itself opens the manual. With admirable wisdom the 
discussion of community relationships follows immediately, since it is impor- 
tant for the worker to appreciate promptly her position as one of a group in 
the program of control. 
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By its title a manual commits itself to the task of “telling how.” Frequently 
such instruction is confined to a description of how certain technical procedures 
can be most effectively carried out. Here the discussion includes sound sug- 
gestions concerning the successful establishment of helpful relationships with 
the patient and his family. The patient and his needs, with the procedures 
for community protection, form the basis of all program developments. This 
is handled with insight in the chapters on nursing procedures and clinics. 
The chapter on records discusses not only the type of information needed, 
but also the equally important matters of good judgment in using the material 
secured and of skill in obtaining the desired data. The case for good records 
is made more impressive by a straightforward discussion of the use of judgment 
in determining visiting schedules and case loads only possible when adequate 
records are kept. The nursing procedures involved at each point of the pa- 
tient’s career are covered carefully. Finally, the manual presents a practical 
measuring rod for the nurse herself by suggesting periodic appraisal of the 
nursing service as a means of determining progress. 

The understanding handling of the patient as the centre of the program, 
the sound suggestions as to method, and the guides to the development of 
good judgment in the nurse’s planning make this handbook a welcome and 
valuable addition to our reference material. 


Brief Comment 


ANTONIA CARLET: Histoire des idées sur la guérison des cavernes depuis Laennec. 
Pp. 74, Paris, Amedée Legrand, 1937, paper. 

Recalling that Laennec had fairly clear conceptions of the possibility and 
mechanism of healing of pulmonary tuberculous cavities, the author traces 
the varying ideas on the question since then. It is, therefore, a review of and 
comment upon the literature. Carlet finds the theory inviting and logical 
that obliteration of the draining bronchus is an important mechanism in the 
healing process. 


A. BACMEISTER: Die klimatische Behandlung der Tuberkulose und thre heutige 
Bewertung. Pp. iit + 28, Berlin, Julius Springer, 1937, paper, RM 1.80. 

This brief pamphlet is a general and fairly vague discussion of the réle of 
climatotherapy with rather more than the usual pro-domo tendency in such 
arguments. This is felt all the more because it is presented without docu- 
mentation and without report of results. Excerpts: “the use of one definite 
climatic location in all forms of tuberculosis must lead to failure.” ‘The 
best results in the cure of all forms of tuberculosis have been achieved in the 
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spas of higher altitudes without much wind.” “Therefore the mountains of 
moderate altitude (Mittelgebirge) present to begin with the universal indica- 
tion for pulmonary tuberculosis.” 

Professor Bacmeister’s sanatorium is located in such a Mittelgebirge, the 
Black Forests; he should have authoritative experience in this matter. 


Books Received 


Ecot, F. Cu., AND JULLIEN, W.: La thoracoplastie par voie axillaire. Preface 
by Dr. E. Rist. Pp. 47, with 31 illustrations, Gaston, Doin & Cie, Paris, 
1937, paper, 18 fr. 

KANTOR, JOHN L.: Synopsis of Digestive Diseases. Pp. 302, with 40 illustra- 
tions, C. V. Mosby Company, St. Louis, Missouri, 1937, fabrikoid. 

LEMOINE, J.-M.: La thrombose de l’artére bronchique cause de dilatation 
bronchique chronique de l’adulte. Pp. 189, with 27 illustrations, Paris, 
Librairie E. Le Francois, 1936, paper. 
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PRESENT TREND OF CASE FATALITY RATES 
IN TUBERCULOSIS! 


GODIAS J. DROLET? 


Recently Frost (1) suggested very thoughtfully that ‘“‘a careful review 
of the history of almost any infectious disease will show that in each 
generation, even in each decade, as knowledge and understanding have 
grown, ideas as to the efficacy of control measures have had to be read- 
justed. In each period measures of control which seemed appropriate 
have been either overestimated or underestimated;’’ that we could ‘‘come 
to a better balanced view . . . only if we keep open minds” and inquired 
“whether our measures are well adapted to expectations.” 

There is probably no one infection against which so continuous and 
so wide an effort is being made toward control as tuberculosis. In the 
United States, at the present time, for institutional or sanatorium care 
alone there is now being spent more than $100,000,000 annually. In 
certain communities tuberculosis patients in public institutions occupy 
nearly one-fifth of ail hospital beds. Particularly in the United States 
and in Great Britain there has been extensive, systematic provision for 
the care of such patients. It may, therefore, be useful to weigh the 
success or failure in attaining the main objectives, which of course are, 
first, assuring as far as possible the recovery of the patients and, second, 
more important to the community, control of the spread of infection. 
With declining cases and deaths a common observation, there can be 
little question but that, between improved conditions of life and in- 
creasing provision for the sick, some control of the infection is obviously 
being achieved. On the other hand, is definite progress being made in 
the treatment of the disease now that there is available in many places a 
number of hospital beds sufficient to receive most of the active cases who 
seek public care and, of late, new and radical forms of surgical treatment 
are being used in an increasingly greater proportion of the patients? 


1 From addresses presented before the American Epidemiological Society, New York City, 
April 23, 1937, and the Eastern Section of the American Sanatorium Association, Scotch 
Plains, New Jersey, November 12, 1937. 

2 New York Tuberculosis and Health Association. 
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What effect, if any, have these facilities and measures had upon case 
fatality rates in tuberculosis? 

The data presented here and the discussion are directed solely at the 
question of what results are being obtained or reflected upon the com- 


TABLE 1 
Tuberculosis, New York City, Chicago—ratio of deaths to reported new cases 


NEW YORK CiTy* CHICAGOt 
(PULMONARY) (ALL FORMS) 


Casest Deaths Casest Deaths 


1915 22,141 8,825 = 40% 12,709 4,204 = 33% 1915 
1916 19,297 8,411 = 44% 12,017 3,734 = 31% 1916 
1917 17,494 8,825 = 50% 14,908 3,800 = 25% 1917 
1918 14,439 8,779 = 61% 16,567 3,827 = 23% 1918 
1919 14,570 7,395 = 51% 15,607 3,244 = 21% 1919 


1920 14,035 6,165 = 44% 10,747 2,652 = 25% 1920 
1921 12 ,966 5,143 = 40% 10,593 2,325 = 22% 1921 
1922 13,329 5,033 = 38% 10,519 2,220 = 21% 1922 
1923 11,336 4,951 = 44% 10,105 2,335 = 23% 1923 
1924 11,934 4,780 = 40% 8,634 2,434 = 28% 1924 


1925 10,955 4,776 = 44% 7,709 2,489 = 32% 1925 
1926 10,498 4,828 = 46% 8,504 2,530 = 30% 1926 
1927 10,873 4,444 = 41% 7,798 2,567 = 33% 1927 
1928 11,614 4,636 = 40% 7,085 2,680 = 38% 1928 
1929 11,938 4,507 = 38% 6,540 2,548 = 39% 1929 


1930 11,821 4,457 = 38% 6,118 2,235 = 37% 1930 
1931 11,794 4,370 = 37% 6,219 2,290 = 37% 1931 
1932 10,589 3,997 = 38% 5,865 2,027 = 35% 1932 
1933 9,991 4,056 = 41% 5,485 2,038 = 37% 1933 
1934 9,990 3,950 = 40% 5,581 1,940 = 35% 1934 
1935 8,796 3,968 = 45% 5,834 1,946 = 33% 1935 


1915-17 58 ,932 26,061 = 44% 39 ,634 11,738 = 30% 1915-17 
1933-35 28,777 11,974 = 42% 16,900 5,924 = 35% 1933-35 


* From reports of the Department of Health, City of New York. 
t From reports by courtesy of the Chicago Municipal Sanitarium. 
t Including those identified from death certificates. 


munity reports by institutional treatment, now supplemented by collapse 
therapy in pulmonary tuberculosis. Reports have been assembled for 
illustrative purposes from places far apart, New York City, Chicago, 
Philadelphia, Detroit and London; the states of New York, New Jersey 
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and Massachusetts as well as for England and Wales. They cover, 
generally for the twenty years between 1915 and 1935, the registration 
of tuberculosis cases and the mortality returns during the same period. 


TUBERCULOSIS REGISTRATION, VALUE AND LIMITATIONS 


Before referring to the specific reports it might be wise to outline the 
limitations as well as the possible value of the registration of tuberculosis 
and the comparability of the figures during these years. In the main, 
even though it is acknowledged that many cases of tuberculosis are not 
reported or identified until near the end or at death, there are several 
reasons or factors making for a rather thorough registration of this 
disease, or for the reporting of cases more frequently now than formerly. 
First, the extensive provision of institutional facilities assures almost 
automatically that at least the cases going through them will at some 
time or other be reported to the authorities, either when applying or 
when caught in the meshes of the follow-up systems. Second, the fre- 
quency nowadays of special surveys for tuberculin-testing and case- 
finding also assures the recognition of a greater number of cases. Third, 
many large industrial and business establishments as well as civil service 
commissions now require physical examinations prior to employment, 
leading thereby to the identification of cases. Finally, the availability 
and wider use of the X-ray these days also contribute to the discovery 
of more cases than formerly. Then, too, the continuous search by visit- 
ing and public health nurses for possible contacts of tuberculosis cases 
uncovers many secondary cases. All of these channels of discovery or 
reporting should have as a net effect the raising of the total registration 
lately, and consequently the lowering of the ratio of deaths to cases. 
It is all the more surprising, therefore, in view of the many measures 
making for an increase of registration, to notice, as we shall see soon, 
the maintenance of rather stationary case fatality rates in tuberculosis. 

As against the conditions just mentioned tending to enlarge the regis- 
tration and, therefore, to decrease the case fatality ratio there may be at 
work and tending to produce a higher rate the following factors: first, 
some increase in deaths due to surgery—operative mortality; second, a 
greater proportion of colored patients especially in the American com- 
munities considered here. There may likewise be as a consequence of 
the more extensive use of surgery a tendency to keep patients in the 
cities and away from the older, conservative forms of treatment—open- 
air, hygienic-dietetic and rest in the country sanatoria. Instead, the 
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patients are retained in hospitals in town or in greater numbers at home 
under care of private physicians. Furthermore, with resort to collapse 
therapy in pulmonary tuberculosis there is a temptation to allow patients 
to return too quickly to work when the activity of the disease may not 
really have been brought under control and insufficient time given for 
lesions to heal. 

On the contrary and making perhaps for lower fatality rates is the 
fact that as time goes on, between selection, immunization and acclima- 
tization, more resistant types are developed; also, we have now in the 
United States, with the limitation of immigration, a greater proportion 
of the native-born and fewer ill adapted foreign groups. 


CASE FATALITY RATES 


Disregarding increases of population and case or death rates in rela- 
tion to the entire community, it is interesting to note, in New York City 
(table 1), for instance, in 1915, when 22,141 new cases of pulmonary tu- 
berculosis were reported, that there were 8,825 deaths and, therefore, a 
ratio of deaths to cases of 40 per cent. In 1935, when cases numbered 
less, namely, 8,796 and the deaths 3,968, we still had 45 deaths to every 
100 cases. For the three-year period 1915-1917, the case fatality rate 
was 44 per cent and two decades later, during the recent three-year period 
1933-1935, it was still 42 per cent.* 

Chicago (table 1) in 1915 had 12,709 tuberculosis cases and 4,204 
deaths, the ratio of deaths to reported new cases then standing at 33 
per cent; in 1935, even though the cases and the deaths had declined 
tremendously, there was still for every 100 new cases of tuberculosis a 
mortality of 33. Comparing the ratio in the three-year period 1915- 
1917 against that of the three years 1933-1935, we find the case fatality 
had risen from 30 to 35 per cent. 

Figures are available, as reported for Detroit in table 2. They show a 
decline in the ratios of deaths to cases from 43 to 38 between the years 
1915 and 1935. In that community, however, there has been a variety 


3 Since New York City led, under Biggs, in the registration of tuberculosis, a longer 
record of it is available there. In 1905, 20,831 new cases of, and 8,535 deaths from, pulmo- 
nary tuberculosis were reported, indicating then a fatality ratio of 41 per cent. At that 
time there were less than two thousand beds available in local tuberculosis hospitals; only 
a fraction of the total number of patients in 1905 (new cases of that year, and old ones 
carried over from former years) could receive institutional care. Practically speaking, these 
days were still in the presanatorium era; and yet the case fatality rate was apparently no 
different then than now. 
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of special campaigns and at times an inclusion into the registration of 
the childhood type of tuberculosis, which should be kept separate and 
never included with the frank or manifest cases of tuberculosis. 


TABLE 2 
Tuberculosis, Detroit, Philadelphia—ratio of deaths to reported new cases 


DETROIT* PHILADELPHIAt 
(PULMONARY) (ALL FORMS) 


Casest Deaths Cases Deaths 


1915 1,517 650 = 43% 6,289 3,088 = 49% 1915 
1916 1,467 790 = 54% 6,191 3,267 = 53% 1916 
1917 1,783 827 = 46% 5,326 3,381 = 63% 1917 
1918 1,922 941 = 49% 5,555 3,716 = 67% 1918 
1919 2,092 755 = 36% 4,998 2,923 = 58% 1919 


1920 2,077 850 = 41% 3,913 2,509 = 64% 1920 
1921 2,080 736 = 35% 3,632 2,167 = 60% 1921 
1922 2,263 790 = 35% 3,559 2,162 = 61% 1922 
1923 2,234 855 = 38% 3,674 2,122 = 58% 1923 
1924 2,265 931 = 41% 3,569 2,026 = 57% 1924 


1925 2,338 941 = 40% 3,200 2,002 = 63% 1925 
1926 2,473 1,031 = 42% 2,851 1,928 = 68% 1926 
1927 2,182 1,023 = 47% 3,144 1,740 = 55% 1927 
1928 2,793 1,096 = 39% 2,938 1,742 = 59% 1928 
1929 3,006 1,116 = 37% 2,724 1,671 = 61% 1929 


1930 3,257 1,082 = 33% 2,696 1,590 = 59% 1930 
1931 3,554 963 = 27% 2,728 1,634 = 60% 1931 
1932 3,095 890 = 29% 2,415 1,392 = 58% 1932 
1933 3,351 868 = 26% 2,538 1,378 = 54% 1933 
1934} 2,225 806 = 36% 2,600 1,442 = 55% 1934 
1935 2,062 787 = 38% 2,236 1,238 = 55% 1935 


1915-16 2,984 1,440 = 48% 17 ,806 9,736 = 55% 1915-17 
1934-35 4,287 1,593 = 37% 7,374 4,039 = 55% 1933-35 


* Reports by courtesy of Tuberculosis Controller, Department of Health, City of Detroit. 

t Figures by courtesy, Division of Tuberculosis, Bureau of Health, Philadelphia. 

t For the years 1934 and 1935 cases reported are “corrected for adult type only;”’ pre- 
viously, cases of the childhood type of pulmonary tuberculosis are obviously included for an 
indefinite period. 


In Philadelphia (table 2) between 1915 and 1935 the new cases have 
fallen from 6,289 to 2,236 and the deaths from 3,088 to 1,238. The 
ratio of deaths to cases, which stood at 55 per cent during the three-year 
period 1915-1917, was still the same during the years 1933 to 1935. 
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For the State of New York, exclusive of the City, (table 3) the ratio 
of deaths to cases has come down between the same three-year periods 
mentioned from 53 per cent to 49 per cent. In New Jersey (table 3) the 


TABLE 3 
Tuberculosis, New York, New Jersey—ratio of deaths to reported new cases 


NEW YORK STATE* 
(EXCLUSIVE OF NEW YORK CITY) 
(PULMONARY) 


STATE OF NEW JERSEYt 
(ALL FoRMS) 


Deaths Casest Deaths 


1915 5,404 = 54% 8,490 4,371 = 51% 1915 
1916 5,406 = 51% 9,017 4,333 = 48% 1916 
1917 5,675 = 53% 8,177 4,617 = 56% 1917 
1918 6,079 = 64% 7,943 4,739 = 60% 1918 
1919 5,279 = 52% 7,460 3,820 = 51% 1919 


1920 4,761 = 53% 6,055 3,625 = 60% 1920 
1921 4,264 = 53% 5,255 3,041 = 58% 1921 
1922 4,238 = 51% 5,642 3,175 = 56% 1922 
1923 4,360 = 51% 5,613 3,046 = 54% 1923 
1924 4,239 = 52% 4,938 2,997 = 61% 1924 


1925 7,984 4,230 = 53% 4,984 2,907 = 58% 1925 
1926 7,405 4,104 = 55% 5,371 3,093 = 58% 1926 
1927 7,403 3,830 = 52% 5,196 2,830 = 54% 1927 
1928 7,817 3,864 = 49% 4,983 2,862 = 57% 1928 
1929 7,487 3,802 = 51% 5,223 2,917 = 56% 1929 


1930 7,298 3,536 = 48% 5,306 2,805 = 53% 1930 
1931 6,786 3,359 = 49% 5,249 2,702 = 51% 1931 
1932 6,564 3,207 = 49% 4,540 2,569 = 57% 1932 
1933 6,297 3,018 = 48% 4,461 2,376 = 53% 1933 
1934 5,748 2,911 = 51% 4,094 2,230 = 54% 1934 
1935 5,765 2,839 = 49% 4,296 2,143 = 50% 1935 


1915-17 | 31,196 | 16,485 = 53% 25,684 13,321 = 52% 1915-17 
1933-35 | 17,810 8,768 = 49% 12,851 6,749 = 53% 1933-35 


*From reports by courtesy, Division of Tuberculosis, Department of Health, State of 
New York. 

t From reports, Department of Health, State of New Jersey. 

t In 1915 figures are for the twelve months ending October 31; thereafter, for calendar 
year. 


case fatality has remained practically identical, namely 52 per cent for- 
merly and 53 per cent now; in Massachusetts (table 4) it has remained 
exactly at the same level, 54 per cent. 


PERIOD PERIOD 
Cases 
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If we study likewise the comprehensive and perhaps more strictly com- 
parable figures for all of England and Wales (table 4), where tuberculosis 
schemes have been centralized and reports standardized, we notice, during 


TABLE 4 
Tuberculosis, Massachusetts, England and Wales—ratio of deaths to reported new cases 


COMMONWEALTH OF MASSACHUSETTS* ENGLAND AND WALESt 
(PULMONARY) (PULMONARY) 


Cases Deaths Casest Deaths 


1915 8,046 4,194 = 52% 68,309 | 40,803 = 60% 1915 
1916 7,878 4,467 = 57% 68,109 | 40,769 = 60% 1916 
1917 8, 365 4,559 = 55% 68, 801 42,335 = 60% 1917 
1918 7,833 5,078 = 65% 71,631 45,338 = 63% 1918 
1919 6,977 4,145 = 59% 61,154 35,984 = 59% 1919 


1920 6,696 3,645 = 54% 57,844 32,791 = 57% 1920 
1921 6,168 3,272 = 53% 56,334 33,505 = 60% 1921 
1922 5,562 3,167 = 57% 53,422 33,919 = 64% 1922 
1923 5,356 3,062 = 57% 59,172t | 32,097 = 54% 1923 
1924 5,376 2,953 = 55% 60,747t | . 32,690 = 54% 1924 


1925 5,385 2,883 = 54% 60,770t | 32,382 = 54% 1925 
1926 5,444 2,961 = 54% 59,520t | 30,108 = 51% 1926 
1927 5,049 2,774 = 55% 58,109¢ | 31,066 = 53% 1927 
1928 4,873 2,690 = 55% 57,682t | 29,799 = 52% 1928 
1929 4,538 2,561 = 56% 57,274t | 31,425 = 55% 1929 


1930 4,696 54,331t | 29,414 = 54% 1930 
1931 4,421 54,596t | 29,658 = 54% 1931 
1932 3,994 51,836t | 27,627 = 53% 1932 
1933 3,541 49,958t | 27,854 = 56% 1933 
1934 3,585 48,208t | 25,682 = 53% 1934 
1935 3,594 45,015t | 24,603 = 55% 1935 


1915-17 | 24,289 13,220 = 54% 180,689 97,169 = 54% 1923-25 
1933-35 | 10,720 5,775 = 54% 143,181 78,139 = 55% 1933-35 


*From reports by courtesy, Division of Tuberculosis, Department of Public Health, 
Commonwealth of Massachusetts. 

t From reports, Chief Medical Officer, Ministry of Health, England and Wales. 

t From 1915 to 1922 inclusive, figures refer to “primary” notifications only; beginning in 
1923 and thereafter they include “‘supplemental” returns, namely, cases identified from death 
certificates and other sources. 


the period when only primary notifications were considered, namely, from 
1915 to 1922, that the case fatality actually rose from 60 per cent to 64 
per cent. But, during the succeeding period, 1923-1935, when the cases 


YEAR OR YEAR OR 

PERIOD PERIOD 


132 GODIAS J. DROLET 


reported included those in the supplementary returns, namely, cases 
identified from death certificates, etc., the ratio has remained practically 
unchanged, being 54 per cent at first and 55 per cent now. 


VARIATIONS IN TUBERCULOSIS REGISTRATION 


Before commenting upon these reports, a word might be said to ex- . 
plain the apparent differences in case fatality rates in various places 
and that these do not necessarily invalidate the main point for consider- 
ation, namely, the constancy of the ratios rather than their levels. 
Reasons for variations probably include the following: first of all, a lack 
of uniformity perhaps in the requirements for registration and facilities 
for the recognition or discovery of cases in different places; second, 
within the same community an irregular or growing practice of including 
supplementary cases found through identification from death certificates 
and other sources. Or again, at certain periods an increase of registra- 
tion due to special surveys among particular groups of the population, 
families on relief, or colored sections, and so on. Another factor may 
arise from material differences in the proportion of, changes or increases 
in, some particularly susceptible groups with higher mortality rates, 
such as Puerto Ricans and Mexicans. But, this is less apt to be true in 
countries with a homogeneous population such as in England. Differ- 
ences in the level of registration may be due, as already mentioned, to 
unusual attention to the childhood type of tuberculosis. Finally, the 
ratio of deaths to cases may vary between communities if in certain ones 
all of the mortality takes place within the town limits and, in others, a 
goodly share occurs in out-of-town institutions. 


DECLINE OF TUBERCULOSIS 


But in the reports presented here of deaths and cases, and their ratio, 
certain outstanding common facts are to be noted. First, of course, as 
well known, from either the angle of the absolute number of cases or of 
deaths marked declines have taken place practically everywhere (table 
5). During the twenty years from 1915 to 1935, in New York City, the 
number of new cases fell by 60 per cent and the deaths by 55 per cent; 
but the case fatality rate actually rose from 40 to 45 per cent and, there- 
fore, a given hundred cases of tuberculosis in 1935 suffered as high a mor- 
tality as the same number in the year 1915. 

In Chicago, during the last twenty years, the cases fell in number by 
54 per cent; the deaths likewise; but the fatality of the disease remained 
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the same, 33 out of a hundred cases both in 1915 and in 1935. Detroit, 
with its tremendous growth of population, shows increases in both the 
number of cases and deaths during the past twenty years, but a change in 
the fatality ratio of only 5 per cent. In Philadelphia, the cases declined 
by 64 per cent and the deaths by 60 per cent; the fatality increased by 6 
per cent. In “up-State” New York, in the State of New Jersey, in 
Massachusetts, in England and Wales, the cases fell in number anywhere 
between 42 and 55 per cent and the deaths practically likewise, between 
40 and 57 per cent; but the seriousness of the disease there, too, remains 
practically unchanged. 


TABLE 5 


Tuberculosis cases, deaths and case fatality in 1915 and in 1935 compared 


NEW CASES REPORTED NUMBER OF DEATHS CASE FATALITY 


1915 1935 Change 1915 1935 Change 1915} 1935} Change 


New York 
22,141 | 8,796 | Dec. 60% | 8,825) 3,968) Dec. 55% |40%|45%| Inc. 5% 
12,709 | 5,834 | Dec. 54% | 4,204] 1,946) Dec. 54% |33%|33%| None 
1,517 | 2,062 | Inc. 36% 650} 787| Inc. 21% |43%|38%)| Dec. 5% 
Philadelphiaf...| 6,289 | 2,236 | Dec. 64% | 3,088} 1,238) Dec. 60% |49%/55%| Inc. 6% 
“Up-State” 
N.Y.*......} 9,950 | 5,765 | Dec. 42% | 5,404) 2,839) Dec. 47% |54%/49%)| Dec. 5% 
New Jerseyf...| 8,490 | 4,296 | Dec. 49% | 4,371) 2,143) Dec. 51% |51%|50%| Dec. 1% 
Massachusetts*} 8,046 | 3,594 | Dec. 55% | 4,194) 1,814) Dec. 57% |52%|50%| Dec. 2% 
England and 
Wales*.... . .|68, 3091/39 Dec. 42% |40,803/24, 603) Dec. 40% 


62%| Inc. 2% 


* Pulmonary cases. 
All forms. 
t “Primary notifications” only. 


In 1924, in twenty-three states and eleven cities with a total popula- 
tion of 64,747,088, the reports to the United States Public Health Service 
show that there were registered in that year 108,662 cases of tubercu- 
losis (2). The same year in these places there were 60,139 tuberculosis 
deaths, the registration being therefore 1.81 cases for each death or a 
case fatality ratio of 55 per cent. 

In 1935, according to the special report of the National Tuberculosis 
Association from state departments of health on new cases, there were 
in the United States a total of 111,856 new cases of tuberculosis registered 
and at the same time 69,471 deaths, or 1.61 cases for each death and a 
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case fatality ratio of 62 per cent. In 1936, the mortality rose to 64 per 
cent. 

And yet, it is in recent years particularly that there has become avail- 
able and been utilized by an increasing number of patients, and by a 
greater proportion of all of the tuberculous population, sanatorium treat- 
ment and chest surgery. Further on, we will return to the question in - 
mind of testing sanatorium treatment and its influence more directly 
with only the cases concerned, but let it be said that most of such studies 
have limited themselves to the immediate results of treatment and are 
an incorrect or incomplete measure; they should deal rather with the 
ultimate results. The difficulty, however, of tracing sanatorium pa- 
tients and the existence already of quite a number of adequate investiga- 
tions suggest that there is perhaps a greater finality and completeness 
in the community’s record, rather than in those of the hospitals alone, 
for appraising the influence of the sanatorium and surgical treatment of 
tuberculosis. 


SURVIVAL IN TUBERCULOSIS 


The trend of the case fatality in tuberculosis has been studied from a 
slightly different angle (table 6) for the State of New York and for 
England and Wales, where the probable number of survivors has been 
figured out during the period between 1913 and 1935 for the former, and 
during the period 1923-1935 for the latter place. On the assumption 
that the majority of the deaths from tuberculosis occur within two years, 
their number has been compared with the cases reported two years pre- 
viously, and the ratio of the probable number of survivors then com- 
puted. In the State of New York, for instance, the proportion of sur- 
vivors in 1915 to the cases reported in 1913 was around 53 per cent; in 
1935 it was slightly higher, 58 per cent. In England and Wales, only 
the period 1923 to 1935 has been considered because starting from the 
first year mentioned consideration was given to the so-called “‘supple- 
menta!” returns; at the beginning, the proportion of survivors was 45 per 
cent; in 1935, it was higher, around 51 per cent. 


CASE FATALITY ACCORDING TO AGE AND SEX 


Granting the comparative constancy of the fatality rates in tuber- 
culosis, the point has been made that differences are perhaps masked 
by important changes in the age composition of the tuberculosis cases 
now from formerly. Though it has been difficult to get at representative 


TABLE 6 


and probable survivors* 
I.—State of New York}, Period 1913-1935 


Annual deaths from pulmonary tuberculosis in relation to new cases reported two years previously, 


1916 C. 
1918 D. 


1915 C. 
1917 D. 


1913 C. 
1915 D. 


1914 C. 
1916 D. 


1917 C. 
1919 D. 


1918 C. 
1920 D. 


1919 C. 
1921 D. 


New cases reported... 
Deaths 2 years later.. 


31,123 
14,512 


30,905 
14,069 


32,091 
14,795 


29,872 
15,052 


28,080| 2 
12,814| 1 


3,891 
1,030 


24,652 
9,407 


Survivors, probable. .. 
Proportion........ 


16,611 
53% 


16,836 
54% 


17 ,296 
34% 


14,820 
50% 


15 ,266 


54% 


12,861 
54% 


15,245 
62% 


1923 C. 
1925 D. 


1921 C. 
1923 D. 


1922 C. 
1924 D. 


1920 C. 
1922 D. 


1924 C. 
1926 D. 


1925 C. 
1927 D. 


1926 C. 
1928 D. 


New cases reported... 
Deaths 2 years later. . 


22,975 
9,394 


21,084 
9,443 


21,623 
9,177 


19,936 
9,143 


20,113 


9,095 


18,939 


17,903 
8,667 


8,435 


Survivors, probable. .. 
Proportion... ..... 


13,581 
59% 


11,641 
55% 


12 ,446 
58% 


10,793 
54% 


11,018 


55% 


10, 504 
55% 


9,236 
52% 


1929 C. 
1931 D. 


1928 C. 
1930 D. 


1930 C. 
1932 D. 


1927 C. 
1929 D. 


1931 C. 
1933 D. 


1932 C. 
1934 D. 


1933 C. 
1935 D. 


New cases reported............ 18,276} 19,431) 19,425) 19,119) 18,580) 17,153) 16,288 
Deaths 2 years later........... 8,516} 8,146) 7,833) 7,354) 7,192) 6,983) 6,847 
Survivors, probable............ 9,760) 11,285) 11,592) 11,765) 11,388) 10,170) 9,441 

ere 53% | 58% | 0% | 62% | 61% | 59% | 58% 


II.—England and Wales}, Period 1923-1935 


1923 C. 
1925 D. 


1924 C. 
1926 D. 


1925 C. 
1927 D. 


1926 C. 
1928 D. 


New cases{ reported 


Deaths 2 years later. . 


59,172 
32,382 


60,747 
30, 108 


60,770 
31,066 


59,520 
29,799 


26,790 
45% 


30,639 
50% 


29,704 
49% 


29,721 
50% 


1930 C. 
1932 D. 


1927 C. 
_| 1929 D. 


1928 C. 
1930 D. 


1929 C. 
1931 D. 


1931 C. | 1 
1933 D. 


1 


1933 C. 
1935 D. 


932 C. 
934 D. 


New cases reported 


Deaths 2 years later. . 


58, 109 
31,425 


57 ,682 
29,414 


57,274 
29 ,658 


54,331 
27,627 


54,596 
27 ,854 


51,836 
25 ,682 


49 ,958 
24,603 * 


Survivors, probable... 
Proportion........ 


26,684 
46% 


28 , 268 
49% 


27 ,616 
48% 


26, 704 
49% 


26,742 


49% 


26,154 


25,355 
51% 


50% 


135 


* On assumption that most deaths occur within two years from reporting of the case. 
t Based on reports, Department of Health, State of New York. 
t Based on reports, Chief Medical Officer, Ministry of Health. 
{ Beginning in 1923, cases include those identified from death certificates and other 
supplementary sources. 
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material especially for former years, the age composition of tubercu- 
losis cases lately and some time ago has also been studied. In table 7 
for the three cities of New York, Chicago and London, and the larger 
areas of New York State, New Jersey, England and Wales, the case 
fatality according to age and sex, during the two-year period 1933-1934, 
has been calculated. The level of the ratios is naturally dependent upon - 
the thoroughness of registration in the various places, but within a cer- 
tain range they do not differ materially as to their trends. In particular, 
they have certain common characteristics with regard to the influence of 
age. 

In New York City, during the two-year period just mentioned, the 
ratio of deaths to cases was approximately, for both sexes, 42 per cent; 
in Chicago, 36 per cent; in London, 45 per cent; in “up-State” New 
York, 48 per cent; in New Jersey, where obviously the registration of 
cases has not been quite as complete as in the other places, 54 per cent; 
and, in England and Wales, 49 per cent. In general, the ratio of deaths 
to cases is higher in the male than in the female sex. But, after noting 
the higher mortality rate of children under five years of age and the com- 
paratively lower rate in the age group five to fifteen, it will be remarked 
that everywhere the case fatality increases directly with advancing age. 
In other words, if there were marked differences in the age composition 
of the tuberculous group formerly and now, the crude case fatality rate 
of the entire community would be correspondingly affected. It is 
doubtful, however, whether, during the twenty-year period under con- 
sideration, changes in the age composition of the tuberculous have been 
extensive enough to be responsible for the comparative maintenance of 
the fatality rates noted in the places studied by hiding possible improve- 
ments that would otherwise have become apparent. 

In the United States particularly, because of the greater gains made 
against tuberculosis in children, there has been indeed some change in 
the age composition of the tuberculous population. Also, in the Ameri- 
can communities listed here there has been an increasing proportion of 
colored in the tuberculous groups. 

In default of information as to the age of registered cases formerly or 
now for all of the places studied, resort has had to be made to the age 
distribution as ascertainable from the mortality records except for New 
Jersey and ‘“‘up-State” New York where information on cases reported 
ten years or so ago is at hand. 
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TABLE 7 


I—New York Cityt—Tuberculosis (all forms), two-year period 1933-1934—Case fatality 
according to age and sex 


NEW CASES RATIO OF DEATHS 
t TO CASES 


Male |Female| Total | Male |Female| Both | Total 


4 323} 293) 342 
5-14 392} 421) 202 
15-24 1,788} 2,270) 4,058|32.7%|35 .9%|34.5%| 1,400 
25-44 5,923] 3,629] 9,552/40.3%/39.3%/39.9%| 3,812 
45-64 3,624] 1,180) 2,658 
65+ 555} 284) 583 
Unknown 333) 811 


Total |13,083| 8,410|21 ,493/43.7%|39.0%|41.9%| 8,997 


Note: Cases include those identified from death certificates. 

t Population, July 1, 1934: 7,226,164. 

t Based upon reports, bureaus of Tuberculosis and of Records, Department of Health, 
City of New York. 


II.—Chicagot—Tuberculosis (all forms), two-year period 1933-1934—Case fatality according to 
age and sex 


RATIO OF DEATHS 
NEW CASES} TO CASES 


Male | Female} Total | Male | Female —_ Total 


0- 4 209  390/34.4%|38.1%|36.2%| 141 
5-14 506} 135 
15-24 929| 1,407] 776 
25-34 1,321) 1,323] 2,644/39.4%|34.8%/37 .1% 980 
35-44 | 1,405] 631] 776 
45-64 1,602} 472) 1,020 
65+ 182 72| 150 
Unknown 168 244 


Total 6,322) 4,744/11 ,066)37 .4%|34.0%|35.9%| 3,978 


Note: Cases include those identified from death certificates. 
t Population, July 1, 1934: 3,490,700. 
t Based upon reports of the Municipal Tuberculosis Sanitarium, City of Chicago. 


| 
DEATHS} ‘ 
AGE AGE 
Female} Male 
156 186 0- 4 
106 96 5-14 
816 584 15-24 
1,425) 2,387 25-44 
586} 2,072 45-64 
192 391 65+ 
Unknown 
3,281) 5,716 Total 
DEATHS{ 
Female; Male } 
69 72 0- 4 
77 58 5-14 
| 475 301 15-24 
460 520 25-34 
259 517 35-44 
231 789 45-64 
44 106 65+ 
1,615| 2,363 Total 
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TABLE 7—Continued 


III.—Londont—Tuberculosis (all forms), two-year period 1933-1934—Case fatality according to 
age and sex 


RATIO OF DEATHS 
NEW CASESf NOTIFIED TO CASES DEATHS{ 


Male | Female} Total | Male | Female —_ Total | Female 


0- 4 301) 658/42.9%|44.5%|43.6%| 287) 134 
5-14 829] 727| 1,556/14.4%|17.6%|15.9%| 247) 128 
15-24 | 2,032| 2,454] 4,486|33.6%|34.8%|34.3%| 1,537| 854 
25-34 | 2,041! 1,942] 1,638] 754 
35-44 | 1,494! 891] 1,166] 418 
45-54 | 1,499] 553] 2,052/66.3%|59.3%|64.4%| 1,322) 328 
55-64 | 1,025} 1,372|75.1%|63.1%|72.1%| 989] 219 
65+ 392} 183} 575/88.3%|79.8%|85.6%| 492! 146 


Total 9,669) ,067\48 .6%|40.3%|45.0%| 7,678) 2,981 


Note: Cases include those identified from death certificates. 

¢ Administrative County of London, population, July 1, 1934: 4,230,200. 

¢ Data based upon reports of the London County Medical Officer of Health, and of the 
Registrar-General of England and Wales. 


IV.—New York State} (exclusive of New York City)—Tuberculosis (all forms), two-year period 
1933-1934—Case fatality according to age and sex 


RATIO OF DEATHS DEATHSt 


CASES} TO CASES 


Male |Female| Total | Male |Female| Both | Total | Female 


4 179 138 317/48 .6%/45 .7%|47 .3% 150 
5-14 588} 656) 1,244/10.0%| 7.8%) 8.8%} 110 
15-24 | 1,002] 1,616] 2,618|33.3%|31.4%|32.1%| 841 
25-34 1,417} 1,530) 1,307 
35-44 1,577 852| 2,429/61.5%/52.2%|58.3%| 1,415 
45-54 | 1,286] 534] 1,175 
55-64 767| 334| 1,101|73.3%|68.6%|71.8%| 791 
65+ 439|  712/85.4%|94.5%|88.9%| 633 
Unknown 49 58} 107 


Total 7,304) 5,991/13 6,422 


Note: Cases include those identified from death certificates. 

t Population, July 1, 1934: 5,880,649. 

t Based upon reports, divisions of Vital Statistics and of Tuberculosis, New York State 
Department of Health. 


sz 
Male ; 
153) 0-4 
119] 5-14 
683| 15-24 
25-34 
748) 35-44 
994} 45-54 
770| 55-64 
346] 65+ 
4,697| Total 
4 NEW 
| Male 
63} 0-4 
51] 5-14 
507| 15-24 
660| 25-34 
970) 35-44 
829] 45-54 
55-64 
258| 375| 65+ 
| 2,559| 3,863} Total 


CASE FATALITY RATES IN TUBERCULOSIS 139 


TABLE 7—Concluded 


V.—State of New Jerseyt{—Tuberculosis (all forms), two-year period 1933-1934—Case fatality 
according to age and sex 


RATIO 0: 
NEw CASESt —" 


Male |Female| Total | Male | Female | Both | total | Female 


94 69} 163/60.6%)| 87.0%] 71.8%} 117 60 
370} 726) 9.6%) 16.8%) 13.2% 96 62 
725) 1,101) 1,826|43.7%| 39.1%) 40.9%) 430 
1,035} 1,038) 2,073|46.6%| 50.9%| 48.9%/ 1,011) 529 
994) 584! 1,578/56.5%| 57.0%| 56.7%) 895) 333 
294) 1,139/73.5%| 75.9%| 74.1%| 844; 223 
548} 193) 741/75.4%)| 86.5%) 78.3%) 580) 167 
195} 114; 316) 125 


4,792| 3,763] 8,555|55.9%| 51.3%] 53.8%| 4,606] 1,929 


Note: Cases do not include those identified from death certificates. 

t Population, July 1, 1934: 4,231,000. 

t Based upon reports, bureaus of Local Health Administration and of Vital Statistics, 
New Jersey State Department of Health. 


VI.—England and Walest—Tuberculosis (all forms), deaths and cases}, two-year period 1933- 
1934—Case fatality according to age and sex 


RATIO OF DEATHS 
TO CASES NEW CASES} NOTIFIED 


Male |Female| Total | Male |Female| Both | Total |Female| Male 


0-4 | 1,977] 1,632] 3,609/44.9%|46.8%/45.7%| 7,891] 3,489] 4,402) 0-4 
5-14 | 1,374] 1,585] 2,959|13.3%|16.7%|14.9%| 19,797| 9,477|10,320| 5-14 
15-24 | 5,820| 31,967|17,680|14,287| 15-24 
25-34 | 7,148] 27,734|13,979/13,755| 25-34 
35-44 | 6,306! 17,940] 7,324/10,616] 35-44 
45-54 | 6,889] 2,840] 9,729|72.3%|65.8%|70.3%| 13,849] 4,319] 9,530] 45-54 
55-64 | 4,751| 1,836] 6,587/83.5%|74.9%|80.9%| 8,141] 2,452] 5,689] 55-64 
65+ | 1,917] 1,190] 3,262| 1,311] 1,951] 65+ 


Total |36,182/27 959/64, 141/51.3%|46.6%/49 .1%|130, 581/60 ,031|70,550| Total 


¢ England and Wales, population, July i, 1934: 40,467,000. 

t Including supplementary cases identified from death certificates. Data based upon 
reports of the Registrar-General, and figures of notifications by courtesy of the Chief Medical 
Officer, Ministry of Heaith. 


| 
DEATHS{ 
Male 
4 57 0- 4 
5-14 34 5-14 
15-24 317 15-24 
25-34 482 25-34 
35-44 562 35-44 
45-54 621 45-54 
55-64 413 55-64 
65+ 191 65+ 
Total 2,677| Total 
DEATHS 
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AGE OF THE TUBERCULOUS, FORMERLY AND NOW 


In New York City (table 8) during the twenty-year period 1914 to 
1934, the proportion of tuberculosis deaths among persons under the age 
of twenty to the total dying from that cause has decreased from 17 per 
cent to 10 per cent; and the proportion of those fifty years of age and over 
has increased from 17 per cent to 27 percent. Likewise, during the same 
period the proportion of the deaths of the colored has risen from 6.5 
per cent to 23 per cent of the total mortality. In Chicago, the propor- 
tion of deaths in the younger age group does not seem to have varied 
materially during the past twenty years, being formerly 15 per cent of 
the total and now 14 per cent. But the proportion among the older 
persons, past fifty, has risen from 15 to 22 per cent. Also, the colored 
group there is now responsible for 33 per cent of the mortality as against 
7 per cent formerly, and it may be recalled that there is an unusually 
high mortality from tuberculosis among young colored girls as compared 
with white girls. 

In the State of New York, as in the City, there has been during the 
past twenty years a material decrease in the proportion of tuberculosis 
deaths of young people and an increase among the comparatively aged. 
In New Jersey a similar shift has taken place. In the United States 
Registration Area, in 1914, 17 per cent of the deaths were in the age 
group under twenty; and twenty years later, in 1934, in the entire United 
States this young group contributed 12 per cent of the mortality. As 
in New York and in New Jersey, the group fifty years and over likewise 
furnishes now in the United States a higher proportion of the deaths; also, 
the colored mortality has doubled its proportion from 14 to 30 per cent. 
In England and Wales, as here, there has been a fair decrease in the pro- 
portion of deaths suffered by the younger people and some increase, but 
not so marked as in the United States, in the deaths of persons past age 
fifty. 

But the central adult age group, twenty to fifty years of age, has con- 
tinued everywhere to contribute around two-thirds of the mortality with 
only fairly limited changes during the twenty-year period 1914 to 1934. 
In table 9, for all the places studied, there has been reduced to a com- 
parable basis the age of the new cases reported during the two-year 
period 1933-1934, and that of all dying from tuberculosis during the 
same years; also, for “up-State” New York and New Jersey the changes 
in the average age of cases and of those dying recently and ten years 
previously, as well as that for England and Wales in 1914 and in 1935. 
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TABLE 8 
Tuberculosis* deaths according to age, years 1914 and 1934 compared 
I 


NEW YORK CITY 


1914 1934 1914 1934 


Number | Propor- | Propor- Number | Propor- | Propor- | Number 
ofdeaths} tion tion ofdeaths| tion tion | of deaths 


0- 5 756 | 7.3%| 3.6% 246 | 6.2%| 3.4%] 66 
5-9 239 | 2.3%| 0.8% 53 | 1.3%] 1.3%] 25 
10-19 770 | 7.5%| 5.4% 284 | 7.2%| 8.9%] 173 
20-29 | 2,113 | 20.5%] 22.2% 1,074 | 27.2%] 24.2%] 471 
30-39 | 2,536 | 24.7%] 20.9% 978 | 24.8%| 21.1%] 4411 
40-49 | 2,140 | 20.8%] 20.0% 731 | 18.5%| 19.4%| 377 
50-59 | 1,148 | 11.2%] 15.6% 417 | 10.5%] 13.2%| 256 
60-69 465 | 4.5%| 8.4% 134} 3.4%] 6.7%| 130 
70+ 123 | 1.2%| 3.1% 37 | 0.9%] 1.8%] 36 


Total |10,290 |100.0%|100.0% 3,954 |100.0%|100.0%| 1,945 


0-19 1,765 | 17.1%| 9.8% 583 | 14.7%] 13.6%| 264 
20-50 6,789 | 66.0%) 63.1% 2,783 | 70.5%) 64.7%) 1,259 
50+ 1,736 | 16.9%) 27.1% 588 | 14.8%] 21.7%| 422 


White | 9,617 | 93.5%] 77.1% 3,668 | 92.8%] 67.3%] 1,309 
Colored | 673 | 6.5%| 22.9% 286 | 7.2%| 32.7%| 636 Colored 


STATE OF NEW YORE STATE OF NEW JERSEY 


1914 1934 1914 1934 


Number | Propor- | Propor- | Number | Number | Propor- | Propor- 
ofdeaths} tion tion | ofdeaths|ofdeaths} tion tion 


1,124 | 6.8%] 3.1%| 237| 288] 6.6%| 2.5% 0- 5 
338 | 2.0%| 0.7%| 56 69} 1.6%| 0.5% 5-9 
1,297 | 7.8%| 5.6%| 425| 355] 8.2%] 6.7% 10-19 
3,702 | 22.2%] 20.4%! 1,549 | 1,016 | 23.3%] 22.2% 20-29 
3,941 | 23.7%] 21.0%] 1,593 | 1,083 | 24.9%] 20.4% 30-39 
3,190 | 19.2%] 20.8%] 1,584 | 767 | 17.6%| 20.2% 40-49 
1,829 | 11.0%] 15.3%] 1,163 | 478 | 11.0%] 14.0% 50-59 
881} 5.3%] 8.7%] 660| 197| 4.5%] 9.7% 60-69 
341 | 2.0%! 4.4%| 331 98 | 2.3%] 3.8% 70+ 


16,643 |100.0%/100.0%| 7,598 | 4,351 |100.0%|100.0% Total 


2,759 | 16.6%} 9.4%) 718 712 | 16.4%| 9.7% 0-19 
10,833 | 65.1%] 62.2%] 4,726 | 2,866 | 65.8%] 62.8% 20-50 
3,051 | 18.3%] 28.4%] 2,154 773 | 17.8%| 27.5% 50+ 


15,758 | 94.7%] 83.0%} 6,304 | 3,973 | 91.3%) 77.9% White 
885 | 5.3%] 17.0%] 1,294 378 | 8.7%) 22.1% Colored 


* All forms of tuberculosis. Based on Mortality Statistics, U. S. Bureau of the Census. 
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TABLE 8—Concluded 
III 


U.S. REGISTRATION | UNITED STATES 
| AREAt (CONTINENTAL) ENGLAND AND WALES} 


1914 1934 1914 1934 


Number | Propor- | Propor- | Number | Number | Propor- | Propor- | Number 
of deaths tion tion of deaths | of deaths tion tion of deaths 


0-5 | 6,248} 6.4%] 3.2%| 2,289 | 7,013 | 13.9%] 5.6% 0- 5 
5-9 |1,710| 1.8%] 1.1%] 803 | 2,140| 4.3%] 2.2%]. 5-9 
10-19 | 8,457 | 8.7%| 7.7%| 5,548 | 5,836 | 11.6%| 9.9% 10-19 
20-29 24,536 | 25.3%| 22.3%|15,980 | 9,267 | 18.4%] 24.9% 20-29 
30-39 {21,556 | 22.2%] 19.8%|14,132 | 9,611 | 19.1%] 18.7% 30-39 
40-49 |15,551 | 16.1%] 17.5%|12,517 | 7,875 | 15.7%] 15.8% 40-49 
50-59 | 9,842 | 10.2%| 13.4%] 9,577 | 5,226 | 10.4%] 13.6% 50-59 
60-69 | 5,782] 6.0%] 9.1%| 6,514 | 2,567} 5.1%| 7.2% 60-69 
70+ 3,221 | 3.3%] 5.9%] 4,249| 763] 1.5%] 2.1% 70+ 


Total {96,903 |100.0%|100.0%|71,609 |50,298 |100.0%/100.0%|30, 882 Total 


0-19 [16,415 | 16.9%| 12.0%] 8,640 |14,989 | 29.8%] 17.7%] 5,469 | 0-19 
20-50 [61,643 | 63.6%| 59.6%|42,629 |26,753 | 53.2%] 59.4%|18,321 | 20-50 
50+  |18,845 | 19.5%] 28.4%|20,340 | 8,556 | 17.0%] 22.9%] 7,092 | 50+ 


White (83,243 | 85.9%] 70.5%|50,510 White 
Colored |13,660 14.17% 29 .5%|21 ,099 Colored 


} Based on Mortality Statistics, U. S. Bureau of the Census, the Registration Area cover- 
ing in 1914, 67.2% of the population, and in 1934 the entire country. 
¢ From Reports, the Registrar-General, England and Wales. 


In general, the difference between the age of cases and the age “at death” 
—from which perhaps might be inferred the average life or duration of a 
case—was shorter among women than among men. In New York City, 
the average age of new cases reported recently is 39.1 years among males, 
31.0 among females; and of those dying, 42 among the males and 33 
among the females. In England and Wales, male cases average 31.2 
years, female 27.5 years; and the deaths, nearly 38 years for males and 
32 years for females. 

For “up-State” New York, during the ten years between 1925 and 
1935, from the data for new cases, it would seem that now as against 
formerly the male cases are older by 4.5 years, and the female by 2.1 
years. In New Jersey between 1924 and 1934 the age of male cases has 
risen by less than two years (1.9) and that of female cases has remained ~ 
almost the same (30.1 and 30.8). In England and Wales, during the 
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twenty-one years between 1914 and 1935‘ the average age of the cases 
“notified” has increased among males by only 3.3 years (from 27.9 to 
31.2) and among females by just two years (from 25 to 27). 

The differences noted between the age of cases or deaths now and for- 
merly are not great enough to modify materially the fatality rates of the 
communities investigated. 


TABLE 9 
Tuberculosis*—A get of cases at time of reporting and at death—Two-year period 1933-34, etc. 


DIFFERENCE BE- 
TWEEN AGE OF 
CASES AND OF 

THOSE WHO DIED 


AVERAGE AGE OF AVERAGE AGE OF 
NEW CASES REG- ALL DYING FROM 
ISTERED TUBERCULOSIS 


Male Female Male Female Female 


39.1 | 31.0 | 42. 33.4 : 2.4 
36.4 28.1 40. 31. 3.2 
2.5 | 4. 33. 4.1 
“Up-State’” New 38.6 | 31.5 | 44. 38. 6.9 
New Jersey 38.1 | 30.7 | 43. 38. : 5.0 
United Statest 41. a5. 
England and Wales 32. 4.6 


“Up-State’”’ New York: 
Year 1925 
Year 1935 
New Jersey: 
Year 1924 
Year 1934 
United States: 
1933 (entire) 
England and Wales: 
Year 1914 
Year 1935 


* All forms of tuberculosis. — 

Tt Age in years. 

tU. S. deaths for year 1933 only (cases not available). Based upon local figures of 
registration or “notification’’ of new cases and the total mortality returns of the various 
communities. 


RESULTS OF SANATORIUM TREATMENT 


Passing from tuberculosis registration let us study some figures which 
may reveal the possible influence of institutional care upon the mortal- 


* Based upon a personal communication by courtesy of Sir Arthur MacNalty, Chief Medi- 
cal Officer, Ministry of Health. 


| | 
| 34.5 | 30.2 | 38.7 | 34.1 | 4.2 | 3.9 
| 39.0 | 32.3 | 44.4 | 38.6 | 5.4 6.3 
| 34.8 | 30.1 | 38.5 | 31.6 | 3.7 | 1.5 
36.7 | 30.8 | 42.3 | 36.2 | 5.6 | 4.6 
| 36.4 | 32.5 
| 41.5 | 35.8 
| 27.9 | 25.0 | 32.6 | 29.0 | 2.7 | 4.0 
| 31.2 | 27.0 | 38.9 | 32.8 | 7.7 | 5.8 
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ity returns. In the New York Metropolitan Area (table 10) reports are 
available for a large group of hospitals and sanatoria during the ten- 
year period 1927-1936; also, in a more limited way, for New York City 
as far back as twenty-seven years ago, in 1910. Likewise, the reports 
of the Chief Medical Officer of the Ministry of Health contain compre- 
hensive figures of the mortality of patients in “approved residential 
institutions” in England during the ten-year period 1927-1936 (table 11). 

In the New York Metropolitan Area, in 1927, 11,739 patients were 
discharged either alive or dead, the mortality ratio to the total dis- 


TABLE 10 


New York and New Jersey Metropolitan Area—Moriality ratio of tuberculosis patients in 
hospitals and sanatoria—Ten-year period, 1927-1936* 


1927 1928 1929 1930 1931 1932 


11,739] 12,778] 13,827] 15,454] 16,869] 16,830 
2,904} 3,016] 3,079} 3,403] 3,462) 3,232 


25% | 24% | 22% | 22% | 21% | 19% 


TEN YEARS 
1933 1934 1935 1936 ae 


17,909 | 17,311 | 16,843 | 17,188 | 156,748 
3,321 | 3,273 | 3,228 | 3,577 32,495 


19% 19% 19% 21% 21% 


*From reports submitted to the Tuberculosis Sanatorium Conference of Metropolitan 
New York by member institutions, 28 of them in 1927 with a bed capacity of 4,947 and 40 in 
1936 with a capacity of 9,799 beds on December 31. 

** Discharged alive or dead. 

Note: In New York City institutions the mortality ratio was 29% in 1910 and 25% in 
1917. 


charges being 25 per cent that year. This has varied slightly each year 
and in 1936 it was down to 21 per cent. Twenty years ago, in 1917, in 
the New York institutions alone, according to unpublished reports it was 
25 per cent, the same as in 1927; and, in 1910, it was 29 per cent. But 
these figures do not show whether we are dealing with different types of 
cases now, whether they are in earlier or more advanced stages of disease 
than formerly. It is probable, however, as they are the all-inclusive 
reports for a very large area, and remembering the common complaint 


5 Tabulations by Frank H. Mann, of the Committee on Prevention of Tuberculosis of the 
Charity Organization Society. 
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that cases are still too frequently found in the advanced stages, that 
there is no very great variation in their character and that the results 
are fairly comparable. It is during that period, of course, that collapse 
therapy has come into wide use. 

In the survey made by the writer in 1926 of tuberculosis hospitaliza- 
tion in the United States there became available reports from 134 in- 
stitutions, which indicated that in the previous year there were dis- 
charged, alive or dead, 38,288 patients among whom 7,705, or 20 per cent, 


TABLE 11 


England—Pulmonary tuberculosis “patients in approved residential institutions’—Mortality 
ratio during ten-year period, 1927-1936* 


1927 1928 1929 1930 1931 1932 


Total discharged** 35,445 | 35,183) 35,558] 34,639) 35,764) 39,198 
Died in institutions 3,981t| 4,321) 4,544) 4,471) 4,882) 6,457 


Mortality ratio 11% | 12% | 13% | 13% | 14% | 16% 


TEN YEARS 
1933 1934 1935 1936 1927-36 


Total discharged** 39,889 | 37,505 | 38,122 | 39,455 | 370,758 
Died in institutions 6,840 | 6,647 | 7,020| 7,428} 56,591 


Mortality ratio 17% 18% 18% 19% 15% 


*From Annual Reports, Chief Medical Officer, Ministry of Health. On February 1, 
1927, there were 22,202 beds in 482 approved institutions, and on December 31, 1935, a total 
of 28,020 beds. 

** Discharged alive or dead. 

t Deaths in institutions of pulmonary cases and of those “for observation” numbered 
4,549; the former being usually seven-eighths of the total or nearly 3,981. 


died. In 1931, Jessamine S. Whitney of the National Tuberculosis 
Association conducted a similar survey, and in 278 institutions reporting 
there were 42,156 patients discharged, alive or dead, the latter numbering 
9,641, or 23 per cent. The survey of the American Medical Association 
(3), for the year 1933, covered 507 institutions with a total of 67,021 
patients® discharged, alive or dead. The number who died in institu- 
tions was 16,041, a mortality ratio of 24 percent. In other words, these 
broad surveys by three different authorities, covering most of the United 
States, reveal no improvement in recent years in the mortality ratio of 
the cases treated in sanatoria or hospitals. 

In England (table 11) the institutional record for pulmonary cases 


* Adult type of tuberculosis only. 


} 

| 


146 GODIAS J. DROLET 


shows no betterment during the ten-year period 1927-1936, but instead a 
rising fatality rate. In 1927, in a total of 35,445 patients discharged, 
alive or dead, the mortality ratio was 11 per cent; since then it has in- 
creased steadily until it was 19 per cent in 1936—the level reached, it is 
to be noted, by the New York and New Jersey institutions in recent 
years. 


INTRODUCTION OF COLLAPSE THERAPY 


The part which surgical treatment of pulmonary tuberculosis has now 
come to take may be seen from the following: In 1932 in a survey made 
of all hospitals in New York City, and of certain neighboring institutions 
in New Jersey, the writer found that 19 per cent of patients in New York 
City hospitals were given some form of collapse therapy; in the New Jer- 
sey institutions, the proportion was already higher, 36 per cent. 

The Council on Medical Education and Hospitals of the American 
Medical Association, in the survey, mentioned previously, of Tuber- 
culosis Hospitals and Sanatoriums in the United States, reports in the 
chapter on special therapeutic measures that, based upon returns re- 
ceived during 1934 from 502 institutions with 74,083 beds, pneumothorax 
treatments were “initiated” in 16,401 patients; also, that there were 
performed in addition, though not necessarily always on new patients, 
929 pneumolyses, 2,076 oleothoraces, 2,935 thoracoplasties, and 7,695 
phrenic nerve operations. 

Furthermore the application of collapse therapy is not confined to 
patients in sanatoria; the same survey of the American Medical Associa- 
tion disclosed that in the out-patient services of the institutions report- 
ing in 1934 another 6,711 patients were under pneumothorax treatment. 
No figures are available as to the extent of its use in private medical 
practice, but its present popularity is high and this raises correspondingly 
the proportion of the tuberculous under specific treatment. 

Cutler (4) of the Henry Phipps Institute, Philadelphia, writes, ““Dur- 
ing the past decade, pneumothorax therapy has been applied to an ever 
increasing number of tuberculous patients, so that many institutions 
report 75 per cent or more of their cases as receiving artificial pneumo- 
thorax treatment. This is in striking contrast to the usual 5 to 10 per 
cent of five or ten years ago.” 

Thus during the past few years we have witnessed on an ever widening 
scale the introduction of a new and deep-reaching, modifying factor in 
the treatment of tuberculosis, the effects of which should now become 
apparent upon case fatality rates in tuberculosis. 
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No more direct reference is made here to the possible results of sanato- 
rium or surgical treatment because, as previously mentioned, a number of 
adequate and well conducted studies are already available. The general 
results of sanatorium treatment have been carefully studied on an actu- 
arial basis for places like Trudeau, Frimley or Midhurst in England and 
reviewed again recently by Hilleboe (5, 6, 7, 8). With regard to arti- 
ficial pneumothorax, excellent reports have been completed recently in 
England, for instance, by Bentley (9) with follow-up over a long period 
of years, of cases treated under the Anti-Tuberculosis Scheme of the 
London County Council. He concludes that only a small proportion 
of all patients undergoing residential treatment were considered suitable 
to receive it and that “the survival in all the cases investigated was 
approximately 20 per cent higher in the pneumothorax group than the 
expected number amongst those conservatively treated;’’ also, “that a 20 
per cent improvement in 10 per cent of patients would heighten the 
general level of results in all cases undergoing residential treatment by 
2 per cent” only; finally, that “the application of artificial pneumothorax 
cannot be expected ... to alter materially the gross statistics of the re- 
sults of antituberculosis schemes, but it will continue to be of vital im- 
portance to selected individual sufferers.”’ 


RESULTS OF ARTIFICIAL-PNEUMOTHORAX TREATMENT 


As against the comparatively favorable opinion of Bentley with regard 
to artificial pneumothorax there has come to hand more recently a still 
broader report presented to the Joint Tuberculosis Council on The 
Results of Artificial Pneumothorax Treatment, Brand et al. (10). These 
workers enlisted the help of Stockman, an actuary having experience in 
similar investigations. After a careful analysis of the survival rate of 
3,021 cases of pulmonary tuberculosis treated in 42 different hospitals by 
artificial pneumothorax and followed up to the end of 1932, and of 1,329 
cases in the same hospitals in whom attempts to induce artificial pneu- 
mothorax failed or were abandoned, the findings were compared with 
the results of sanatorium treatment in 2,750 cases treated at the King 
Edward VII Sanatorium, Midhurst (where less than one per cent were 
treated by artificial pneumothorax). They were unable to find any 
distinct advantage, or more favorable ratio of actual to expected deaths, 
among those treated over those not so treated. This careful investiga- 
tion led the Lancet to remark editorially “It is impossible to avoid a 
feeling of disappointment . . . that painstaking and comprehensive work 
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should have failed to establish a statistical basis of the advantages of 
pneumothorax treatment.”’ 


SEGREGATION OF TUBERCULOSIS CASES 


While, therefore, there would seem to be little conclusive evidence that 
institutional or modern treatment has had any marked influence upon 
the community case fatality rates from tuberculosis, still it is obvious 
that by segregating an increasingly large proportion of open cases there 
are preventive values in institutional care which are in great part respon- 
sible, along with the improvement of living and environmental con- 
ditions, for the acknowledged decrease of tuberculosis. In table 12 is 
illustrated the growth of the sanatorium movement and the increasing 
proportion of tuberculosis cases segregated or “isolated” nowadays in 
institutions. In New York State, for instance, in 1915, according to 
surveys of the National Tuberculosis Association, there were 7,701 beds 
available in sanatoria and hospitals. It is possible, with the knowledge 
that there were 16,444 deaths from tuberculosis in the entire State during 
that year, to estimate quite closely the proportion “isolated.” Thus, 
first allowing for an 85 per cent occupancy of the hospital beds, we have 
an average daily use, or segregation of cases, totalling 6,545 at that time. 
Practical experience permits us to estimate the existence in the commu- 
nity of an average of five frank cases of tuberculosis foreachdeath. This 
would indicate in the State of New York in 1915 some 82,220 living cases 
and, as against the beds occupied, that 8 per cent of all tuberculosis cases, 
or one out of every twelve, were then “‘isolated.”” In 1925, the National 
Tuberculosis Association recorded in the State of New York 11,546 
tuberculosis beds. With an occupancy of 90 per cent, or an average of 
9,391 as a daily census, and 10,173 deaths that year, or roughly 50,865 
living frank cases in the State, it would appear that 18 per cent or neariy 
one out of every five were then segregated or “isolated.” In 1935, the 
same authority listed 13,989 beds; and with the deaths numbering 
7,427 that year, it may be figured that probably out of 37,135 cases in 
the State there were 34 per cent “isolated,” or one out of every three—a 
proportion four times as great as twenty years previously. 

As detailed in table 12, for the United States as a whole, in 1915, we see 
only about 4 per cent of all the tuberculosis cases segregated. In 1934, 
when the survey by the American Medical Association uncovered a total 
of 93,531 beds, either in sanatoria or in tuberculosis departments of vari- 
ous hospitals, and there were 71,609 deaths, or roughly some 358,000 
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cases in the entire country, 25 per cent, or six times as many as pre- 
viously, were “‘isolated.”” In England, reports at hand of “residential 
treatment” cover the years 1921, 1930 and 1934. In 1921, about 8 per 


TABLE 12 


Approximate proportion of all tuberculosis cases “isolated” in hospitals and sanatoria—State of 
New York, United States and England 


HOSPITAL BEDS TUBERCULOSIS 
PROPORTION 


oe OF ALL CASES 

, ‘otal living | HOSPITALIZED 

Occupied daily ———_ cases (h) OR SEGRE- 
community | 0 & given GATED 


7,701 (a)} 85% = 6,545 | 16,444 (e)} 82,220) 8%ord: 
11,546 (a)} 90% = 9,391 | 10,173 (e)| 50,865 | 18% ort 
.| 13,989 (a)} 90% = 12,590 7,427 (e)| 37,135 | 34% or} 


35,000 (b)} 85% = 29,750 | 145,000 (f)| 725,000 | 4% or x: 
67,270 (a)} 85% = 57,180 | 101,968 (f)| 509,840 | 11% or# 
93,531 (c)} 90% = 84,180 | 71,609 (f)| 358,045 | 25% or} 


18,943 (d)} 85% = 16,100 | 39,498 (g)| 197,490 | 8% or zs 
24,578 (d)} Jul. 1 = 21,153 | 33,178 (g)| 165,890 | 13% or} 
27 ,369 (d)} Jul. 1 = 24,133 | 28,551 (g)| 142,750 | 17% or2 


(a) From annual issues of the Tuberculosis Sanatorium Directory, National Tuberculosis 
Association. 

(b) Drolet (2), Tuberculosis Hospitalization. 

(c) American Medical Association (3), Survey of Tuberculosis Hospitals and Sanatoriums. 

(d) From annual reports, Chief Medical Officer, Ministry of Health, particularly sections 
dealing with “approved residential institutions.” 

(e) From reports, Division of Vital Statistics, Department of Health, State of New York. 

(f) Based on Mortality Statistics, U. S. Bureau of the Census, and prior to 1934 on the 
assumption that the mortality rate in the Registration Area prevailed in the entire United 
States. 

(g) From the reports of tuberculosis mortality in England and Wales there have been 
deducted the deaths in Wales and Monmouthshire noted in the reports of the King Edward 
VII Welsh National Memorial Association. 

(h) Estimated by figuring that there are on an average five living frank or manifest cases 
of tuberculosis to each annual death as noted in the appraisal form of the American Public 
Health Association. 


cent of all the tuberculosis cases may be said to have been “isolated” 
then; in 1915, the proportion was probably as low as that of the United 
States—around 5 per cent. In 1930, in England, those segregated had 
risen to 13 per cent or one out of every eight cases; in 1934, “residential 
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treatment in approved institutions” was being given to an average of 
nearly 25,000 cases, or 17 per cent of the probable total living frank cases 
of tuberculosis. Therefore, in England, the proportion of cases “‘iso- 
lated” is twice as large as in 1921 and probably four times that in 1915. 

It may, therefore, be concluded from the obvious decline of tuberculosis 
and the comparatively slight change in the case fatality rate that the 
preventive aspects of isolation in tuberculosis hospitals have been far 


more effective than those arising from sanatorium or medical treatment. 


SUMMARY 


1. The ratio of deaths to new cases of tuberculosis reported in various 
communities has varied little during the past twenty years: in New York 
City or in the remainder of the State, by 5 per cent; in New Jersey, in 
Massachusetts and in England and Wales, by only 1 or 2 per cent; in 
Detroit or Philadelphia, by 5 or 6 per cent; in Chicago, not at all all 
the while that the incidence of the disease and the mortality were de- 
clining anywhere from 40 to 64 per cent. 

2. The ratio of deaths to cases, after being comparatively high in 
young children under five years of age, from an ebb in the group five to 
fifteen years advances steadily with age. 

3. Persons dying from tuberculosis now are, on an average, slightly 
older than formerly. In the United States, in 1913, males averaged at 
death 36.4 years, females 32.5; in 1933, they reached 41.5 years and 35.8 
respectively. In England and Wales, in 1914, males averaged 32.6 
years and females 29.0 years; in 1935, 38.9 years and 32.8 years respec- 
tively. 

4. The mortality ratio to the total discharges, alive or dead, among 
sanatorium or hospital treated cases since 1910 in New York City has 
tended to become lower, being at first 29 per cent and, in 1917, 25 per 
cent. In institutions of the entire metropolitan area, it was still 25 
per cent in 1927, but came down to 19 per cent in 1932 and rose slightly 
to 21 per cent in 1936. During the last decade chest surgery has come 
into increasing use, being now applied in the local institutions to pos- 
sibly one-quarter or one-third of the cases. In the United States among 
patients in sanatoria in 1925, the mortality ratio was 20 per cent; in 
1931, 23 per cent; and, in 1934, 24 per cent. In England, the mortality 
ratio in “approved residential institutions” was 11 per cent in 1927 and 
has risen steadily, being 19 per cent in 1936. 

5. As compared with some time ago, the proportion of all tuberculosis 
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cases “isolated” in hospitals is several times greater now: in the State of 
New York, in 1935, one out of every three cases, or 34 per cent, is segre- 
gated in institutions and the proportion is four times that of twenty years 
ago when only one out of twelve was isolated, or 8 per cent of the total 
cases. In the United States, the proportion of all living cases “‘isolated”’ 
has risen from 4 per cent in 1915 to 25 per cent in 1934; and, in England, 
between 1921 and 1934, has doubled, passing from 8 per cent to 17 per 
cent. 

6. Sanatorium or surgical treatment of pulmonary tuberculosis would 
seem so far to have had little effect upon the case fatality rates of the 
entire tuberculous population in the communities studied. Even with a 
continuing difficulty in securing the recovery of tuberculosis patients 
under sanatorium treatment, segregation of active cases, along with 
other general sanitary measures and the improvement of living and work- 
ing conditions, has undoubtedly been a powerful factor limiting infection 
and preventing the spread of tuberculosis. 
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SELECTIVE THORACOPLASTY WITH LUNG 
MOBILIZATION?” 


The Conservative Goal in Permanent Collapse Therapy 
RICHARD H. OVERHOLT 


The number of far advanced cases of pulmonary tuberculosis to be 
rehabilitated by a permanent collapse of the diseased lung is increasing 
steadily. The principles underlying thoracoplasty are well understood 
and the advisability of obtaining cavity closure and sputum conversion 
is generally admitted. Recently there has been little hesitation in 
recommending thoracoplasty in the essentially unilateral case, if in- 
capacitation is complete and other measures fail or would obviously be 
ineffectual in arresting the disease. When an empyema complicates a 
pneumothorax surgical aid is frequently called upon. There is con- 
siderable doubt in the minds of many, however, as to the advisability of 
subjecting patients, who do not fall into these two categories, to the 
discomforts and risks of thoracoplasty in order to close pulmonary 
cavities. 

The argument is advanced that the patient with long-standing sta- 
tionary disease, who has learned how to live with his tuberculosis, may 
be better off in the long run with the cavity open than with a deforming 
or disabling alteration of the thoracic wall. Brown and Sampson (1) 
have seriously questioned the place of thoracoplasty in the treatment of 
the “good chronic” patient. There is also the patient with bilateral 
cavitation or with continual fever and progressive disease in whom 
thoracoplasty has been thought to be contraindicated. Discouraging 
reports on late results from thoracoplasty have been made by Wiener 
and Fishberg (2) and by Matz (3). 

It is true that the surgical treatment of tuberculosis has had to grow 
and progress with advances in thoracic surgical management. It is 
also apparent that we should not build up our concept of the value of 
thoracoplasty from results obtained from last-resort procedures, often 


1 Presented at a session of the Clinical Section at the 33rd annual meeting of the National 
Tuberculosis Association, Milwaukee, Wisconsin, June 2, 1937. 
2 From the Department of Thoracic Surgery, the Lahey Clinic, Boston, Massachusetts. 
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applied years too late in the course of the disease and carried out at a 
time when thoracic surgery was in its infancy. As the most ideal com- 
bined medical and surgical service is developed for those patients in 
need of permanent collapse therapy the results should improve and more 
serious risk patients be given the benefits of such treatment. 

A sufficient number of patients have now had the advantage of being 
treated under more ideal conditions in various clinics for thoracic surgery 
to begin to evaluate results. A report on true late results will require 
more time. A fair evaluation of operative risk and of probable benefits 
can be made. It is highly important to know how far we can go with 
the patient with progressive or bilateral disease. The obligation of the 
surgeon not only rests with the rehabilitation of the good chronic but 
also with preventing an almost certain death from tuberculosis in the 
otherwise hopeless case. 

During the five years the Department of Thoracic Surgery has been 
established in the Lahey Clinic (May, 1932 to May, 1937), 370 patients 
have been treated by thoracoplasty, with 763 operations. A description 
of the technique, upper selective thoracoplasty, used during the first 
half of this period has been given (4). The technique used during the 
past two and one-half years, thoracoplasty with lung mobilization, has 


also been published (5). A recent survey of the results in all patients 
has been made and the present status of the living cases has been ascer- 
tained. Several factors concerning this series of patients are of interest. 


1: The group represents a consecutive series of patients operated by the same 
surgical team.® 

2: All operations have been done during the period of the development of 
upper selective thoracoplasty. Every operation, except two, were of the 
above-down type with an extensive resection of the upper three ribs. Com- 
plete resections, more than 7 or 8 ribs, were avoided whenever possible. 

3: Second or subsequent stages were carried out as delayed procedures. Prac- 
tically all patients returned to their respective sanatoria after the first opera- 
tion. Second or subsequent stages were not done unless there was positive 
sputum or X-ray evidence of a persisting cavity. In other words, clinical 
proof of the necessity for additional permanent collapse was required before 
each individual stage was undertaken. A period of six weeks or more usually 
elapsed between operations. 

4: In more than half of the patients a mobilization of the upper lobe supple- 


3 All operations were done either by the author or by Dr. J, S. Harter who was on the Lahey 
Clinic Staff during 1935 and 1936. 
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mented the decostalization, that is, vertical collapse of the apex and forward 
mobilization of the lung in the vertebral gutter. 

5: An increasingly higher percentage of poor risk cases were accepted for 
thoracoplasty year by year, including progressive and febrile patients and 
those having bilateral cavitation. 


PREOPERATIVE CLASSIFICATION 


The great variation in the types of patients accepted for thoracoplasty 
lead us to adopt the following classification. 


Group 1: Patients having an essentially unilateral disease, however extensive 
on one side, in the stationary phase, the so-called “good chronic” unilateral 
case. The larger majority were receiving treatment in sanatoria and were 
incapacitated but their life was not immediately endangered by the disease. 
(See figure 1.) 

Group 2: Patients having bilateral involvement with the better lung in a 
quiescent state and without roentgenological evidence of an open cavity in 
the better lung. These patients have also been considered “good chronics” 
and fair risks for thoracoplasty. (See figure 2.) 

Group 3: Patients with bilateral involvement with open cavities in the contra- 
lateral lung, or the contralateral lung controlled by pneumothorax, thoraco- 
plasty, or plombage. Heretofore, these patients were considered unsuitable 
for permanent collapse therapy because of the extent and distribution of the 
disease. Possibilities of extension in the contralateral lung and discouraging 
later results were feared. The operation was advised as a life saving measure. 
(See figures 3, 4 & 6.) 

Group 4: Patients having complications serious enough to make them poor 
risks from the point of view of operative mortality or late results. In this 
group, as well as in group 3, surgery presented the only alternative. A sub- 
division of group 4 has been made and illustrates the type of patient falling in 
this classification: 

(1) A patient with a progressive lesion by X-ray, extending in the face 
of absolute bed-rest and other measures failing or obviously in- 
effectual. 

(2) Tuberculous or mixed empyema complicating pulmonary tubercu- 
losis. (See figure 5.) 

(3) Extrapulmonary tuberculosis or other complications of sufficient 
severity to increase definitely the operative risk or influence the 
late result. (Intestinal tuberculosis, amyloid disease, severe 
laryngeal tuberculosis or tracheal ulceration, renal tuberculosis, 
etc.) 


fic. 1 

| 
\ 
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Fic. 1. Mr. G. B., age 25 years. A. Group 1, essentially unilateral, “good chronic.” 
Nine-year history with recent haemoptysis. B. Roentgenogram seven months after 3-rib 
thoracoplasty with mobilization of upper lobe. Consistently negative sputum, freedom of 
symptoms and disappearance of cavities after single operation. Note effectiveness of col- 


lapse and noninterference with uninvolved lung. 

Fic. 2. Miss M. D., age 30 years. A. Group 2, bilateral involvement with better lung 
quiescent. Duration of disease two and one-half years. Left, partial pneumothorax main- 
tained four months. Note larger cavity in left lung and fibrosis in the right lung. B. Roent- 
genogram two months after 7-rib thoracoplasty with mobilization of the left upper lobe. 
Note adequacy of collapse and expanded lower lobe. This form of selective and permanent 
collapse was the most conservative treatment possible for such an extensive area of cavita- 
tion. The patient now is without symptoms, is home and working and has no dyspnoea on 
moderate exertion. 
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Fic. 3. Mr. W. H., age 32 years. A. Group 3, bilateral disease with cavitation in both 
upper lobes of two years’ duration. Note extensive disease with mediastinum and trachea 
displaced to the right. Pneumothorax unsuccessful on either side. Phrenic paralysis con- 
traindicated because of active bilateral disease and necessity for apical collapse. B. Roent- 
genogram five months after last operation of four stages, 5 ribs on the right, 6 ribs on the left. 
Selective apical collapse is essential in bilateral disease. Patient is now classified as appar- 
ently arrested and is without symptoms except for slight dyspnoea on exertion. 

Fic. 4. Mrs. L. Q., age 47 years. A. Group 3, bilateral cavitation with symptoms for 
seventeen years and sanatorium treatment for three years. Note contraction of heavily 
fibrosed upper lobes and distortion of the hilar shadow. Pneumothorax unsuccessful on 
either side. B. Roentgenogram taken sixteen months after last operation. Left plombage 
June, 1935, with incomplete closure of cavities. Right plombage August, 1935, with closure 
of cavities. Left first-stage thoracoplasty in November, 1935, with removal of paraffin. 
Second-stage thoracoplasty January, 1936 (three months later). Note effectiveness of 
cavity closure and conservation of lower lobes. Patient is now home with her family and 
enjoying ordinary activities of life. 
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Fic. 5. Miss L. L., age 47 years. A. Group 4, extensive involvement left upper lobe. Duration of disease three years, hospital- 
ized 15 months. B. After pneumothorax complicated by tuberculous empyema. Note extent of collapse and sacrifice of lower lobe. 
C. Six months after upper selective thoracoplasty, two stages, 5 ribs, with long period between. Lower lobe permitted to reéxpand; this 
treatment was the most conservative form of collapse for this patient. She is now perfectly well, is home, and has no dyspnoea on exertion. 
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PATIENTS INCLUDED IN STUDY 


A general summary of cases treated in the five-year period, May, 1932 
to May, 1937, is shown in table 1. It is obvious that an accurate ap- 


Fic. 6. Miss E. O’J., age 21 years. A. Groups 3 and 4, bilateral involvement with 

satisfactory partial pneumothorax on the left side and a tuberculous empyema on the right 

side. Duration of disease two years. B. Roentgenogram taken five months after right 

upper thoracoplasty (two stages, 7 ribs) with mobilization of the upper lobe. Cavities are 
closed and sputum is consistently negative. Note conservative type of thoracoplasty. 


- TABLE 1* 
Thoraco plasty survey—five year period, May, 1932 to May, 1937 


Total number patients 
Number of operative stages 
Operative deaths 
Patient mortality 
Mortality per operation 
Late sanatorium deaths (15 tuberculous; 6 deaths nontuberculous) 
Abandonment further stages 
Recent or unfinished cases 
Discharged against advice 
Total living cases—thoracoplasty considered complete 


* Table showing total number of patients treated. Every case of pulmonary tuberculosis 
treated by thoracoplasty by the author has been included to compute mortality figures. 
Patients operated within the past six months were not used in the evaluation of results. 


praisement of late results cannot be made on patients operated within 
the past two years. The immediate operative risk can be shown. It is 
important to know what is happening to the operative mortality as more 
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serious risks are accepted. The routine use of the supplementary :: 
procedure of lung mobilization carried out at the time of thoracoplasty 4 
also should be evaluated in the light of possible added operative risk. i 


TABLE 2* 
Classification of patients accepted for thoracoplasty 


THORACO- 
ORACO- 
TION 

24 44 68} 164 poor risks 

13 10 23 


* Table showing type of patient accepted for thoracoplasty with separate listing for those 
having upper selective thoracoplasty alone or with lung mobilization. | 


Group 1. Unilateral, stationary. 

Group 2. Bilateral, better lung quiescent without X-ray evidence of cavity. 

Group 3. Bilateral cavitation, better lung with open cavities, pneumothorax, plombage or 
bilateral thoracoplasty. 

Group 4. Complicated cases: (a) febrile, progressive forms—28 patients; (b) tuberculous i 


or mixed empyema—32 patients; (c) extrapulmonary complications—31 patients. 


TABLE 3 
Deaths 


OPERATIVE DEATHS LATE SANATORIUM DEATHS i 

Thoraco- Thoraco- i 

Thoraco- Thoraco- 7 { 

plasty | | “plasty” | platy and 

4 1 3 2 

2 5 3 1 i 

2 0 3 4 | 
9 11 12 9 

6.5 4.7 8.7 3.8 


The entire group of 370 patients has been used to indicate the type of 
patients accepted for thoracoplasty (table 2). In determining per- 
centages in the tables of operative and late deaths (tables 3 & 4) the 
total number of patients treated was used. In averaging the number 
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of stages and extent of the thoracoplasty carried out only the apparently 
completed cases were used. In table 1 there is indicated the number of 
patients, 116, that obviously should not be included, leaving 254 patients 


TABLE 4 
Deaths in relation to good and poor risk groups 


OPERATIVE DEATHS 


Per cent 


3.4 
7.9 


370 20 5.4 5.6 


* Six of the deaths recorded as late or sanatorium deaths were due to causes not related to 
pulmonary tuberculosis. If the figures were corrected for this, the number of patients would 
be 15, and the percentage 4 instead of 5.6. 


TABLE 5 
Extent of thoracoplasty 


THORACOPLASTY 
THORACOPLASTY | AND MOBILIZA- 
TION 


Average number of stages 
Average number of ribs 


TABLE 6 
Proportion of partial to complete thoracoplasty (254 patients—259 thoracoplasties—4 bilateral) 


THORACOPLASTY AND 


THORACOPLASTY MOBILIZATION 


Per cent Number Per cent 


147 
36 
39 

8 ribs or less 96 

Complete 12 


1 
3 


for the analysis shown in tables 5,6 &7. In table 8 an evaluation of the 
condition of “‘good chronic” and “‘poor risk” group has been made as 
to the benefits of thoracoplasty. In such a study the deaths and 


NUMBER | ee LATE DEATHS 
or 
PATIENTS | Number | ME | Number | Per cent 
13 15 9.1 
ALL PATIENTS 
2.4 2 732 
Number | 
25 
26 
66 
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abandoned cases should be included in order to work out the percentages 
of cases actually helped by surgery. The 63 recent cases were eliminated. 


TABLE 7* 
Present status 254 patients operated 1932-1936 


GRouP 1 GROUP 2 GRour 3 GRouP 4 & 4 TOTALS 


Tt 


M 
0 


3 
33 42 
24 27 


Improved 
Quiescent 
Apparently arrested... 
Working 21 


19 | 39 58 
1 76 | 45} 121 


* Living completed patients listed to show present condition in relation to preoperative 
classification. 

¢ T = Thoracoplasty alone. 

tM = Thoracoplasty plus lung mobilization. 

In the bilateral cases, group 3, 16 patients had a contralateral pneumothorax, 4 a bilateral 
thoracoplasty and 2 a contralateral plombage. 


TABLE 8 


Evaluation of condition in relation to good and poor risk groups 


Groups 1 & 2 


STATUS 
Num- Per 
ber cent 


Operative or late death 13 7.5 
Same or operation abandoned 2.3 4.4 
Discharged against advice 0.5 oe 


Totals not benefited ’ 30.6 


Improved 15.5 
Quiescent 12.5 
Apparently arrested 17 

Working 24.4 | 121 


Totals benefited : 69.4 | 248 | 80.8 


In table 2 the types of cases accepted for thoracoplasty are shown. 
An explanation of the various groups has been given. For those patients 
falling into both group 3 and group 4, a separate listing is made. For 
example, a patient with bilateral cavitation (group 3) may also have an 


i 
M;iT M = M T M T 
0; 0; 01; 0 0; 0 0 0 0 
2 1 0; 0 1 0 3 
1; 14] 1 6 8 2 1 9 
2 8} 1 9 0; § 0 2 3 
8| 17] 4 6 
25] 8 
PF Groups 3 & 4 | BOTH GROUPS 
Num- Per Num- Per 
ber cent ber cent 
41 | 13.38 
10 3.2 
8 2.6 
59 | 19.2 
13.68 
8.8 
18.8 
39.4 
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empyema on one side (group 4) and in that event would be placed in a 
fifth classification, that of a combined 3 and 4 group. (See figure 6.) 
The operation was done without mobilization in 138 and with mobiliza- 
tion in 232. The great majority of the first group were done in the 
earlier years of the five-year period, 1932, 1933 and 1934, and those 
having mobilization were all done in the last two and one-half years, . 
1934, 1935 and 1936. The number of bilateral cases accepted for 
thoracoplasty has risen from 21 in the first period to 52 in the second. 
There are almost twice as many group 4 cases appearing in the mobiliza- 
tion group although many of the patients in group 4 had empyema and 
a mobilization could not be done. It is apparent from a study of table 2 
that more serious risks are accepted for thoracoplasty from year to year. 

There is indicated in table 2 the total number of good risk or favorable 
cases (206) and the number of unfavorable or poor risk cases (164). 
Groups 1 and 2 represent those patients who had a stationary process 
and so located in the lung that chances for success in surgical collapse 
of the diseased lung were good. It might also be considéred that this 
group probably would have lived on for an indefinite period with their 
disease, provided they remained in the sanatoria with bed-rest and 
adequate supervision. Rehabilitation was the primary object of surgery. 

The group 3, group 4 and combinations of 3 and 4 were all patients 
who were losing their fight against the disease and, even under the best 
care, would most likely succumb to the disease within the next few 
months or years. These patients were given the benefit of surgery 
primarily as a life-saving measure, with a hope that a certain proportion 
could be rehabilitated so that they might enjoy life with varying degrees 
of physical limitation. By so dividing all cases into these two general 
groups we find that 55 per cent can be considered good chronics, whereas 
45 per cent were poor risk cases for thoracoplasty. 


DEATHS 


In the entire series there were 20 operative deaths within the first 
three months following operation. Nine patients (6.5 per cent) died 
following operation, when mobilization was not done, and eleven patients 
(4.7 per cent) when mobilization was carried out. With added experi- 
ence, increase in surgical skill, and improvement in postoperative man- 
agement the operative mortality should steadily drop, providing there 
is no variation in the type of case selected. Justice is not being done 
to the poor risk and seriously ill patient if he is rejected in order to protect 
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one’s mortality figures. It has been gratifying to know that it is possible 
to accept many bilateral and progressive cases, check extension of the 
disease by a first-stage thoracoplasty and mobilization of the upper lobe, 
and then after a period of several weeks continue on with subsequent 
stages and finally arrest the disease. We have also been gratified to 
learn that the addition of lung mobilization to the upper selective 
thoracoplasty has not increased the risk of operation. 

There were 2 deaths in group 1 patients who also had lung mobilization. 
One of them was due to a pulmonary embolus occurring on the 14th day 
after a normal convalescence; the other was due to the development of 
severe paradoxical breathing after the second stage in a girl of 20 years 
of age. All efforts to combat the disorganized thoracic excursion failed. 
We are certain that a number of the deaths in the earlier cases in both 
groups could have been avoided with the use of methods employed 
at present. 

Table 3 also indicates the number of late or sanatoria deaths among the 
thoracoplasty population. There is a higher percentage in the first 
series but this is to be expected because it is an‘older group, the great 
majority having been operated two and one-half years or more ago. 
It is significant that there have been so few deaths in the second period 
regardless of the fact that so many bilateral and progressive cases were 
included. The relation of the number of deaths to the good and poor 
risk groups is shown in table 4. 


THE EXTENT OF THE SURGICAL PROCEDURE 


In evaluating the extent of the thoracoplasty necessary to arrest the 
process in the various types of patients accepted for operation 254 cases 
were analyzed, namely, those who are now considered to be completed. 
(See table 1.) 

In table 5 the average number of stages and the average number of 
ribs resected are shown. It is interesting to note that most patients 
require only two operations and a seven-rib upper thoracoplasty. Those 
having the thoracoplasty supplemented by lung mobilization had fewer 
stages and slightly less number of ribs resected on the average. The 
two groups are hardly comparable, however, as more bilateral and exten- 
sive cases were included in the second group. 

In table 6 the proportion of partial or upper selective thoracoplasties 
to complete operations is shown. In the mobilization group twice as 
many patients had 5 ribs or less, and 92 per cent had 8 ribs or less re- 
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sected. The most striking revelation in this comparison is the reduction 
in the number of revisions and in anterolateral operations. Our experi- 
ence seems to indicate that patients need be subjected to a less extensive 
decostalization if the upper lobe is mobilized at the time of the first stage. 

The present status of the completed and living cases is shown in table 7. 
The various cases are grouped according to their preoperative classifica- 
tion and as to lung mobilization. A fair comparison of the two groups 
can hardly be made in view of the fact that most of the patients having 
thoracoplasty without mobilization were done between five and two 
and one-half years ago, whereas the mobilization group were operated 
within the past two and one-half years. As time goes on many in the 
improved and quiescent group will move up into the apparently arrested 
class and many in the latter group will, in turn, be discharged and able 
to work. 

In table 8 the good and fair risk cases, groups 1 and 2, have been 
combined and poor risk patients, groups 3 and 4, have been assembled 
for correlation as to the final result. In this table all cases have been 
included except the 63 recent cases. The table has been arranged to 
show the totals of all cases not benefited and those benefited by the 
operation. It is interesting to note that in the good chronic group 89.5 
per cent were definitely helped, that 51.5 per cent have returned to work 
and that after a longer period of time the percentage will probably rise 
to 75 percent. This estimation is arrived at by including those patients 
known now to be quiescent or apparently arrested. The complete 
rehabilitation of 75 per cent may even be exceeded as some of the im- 
proved group may in time move up into the other classifications. 

With bilateral or progressive disease and in those patients with 
complicating factors the percentage of cases benefited has been found to 
be 69.4 per cent, with already 24.4 per cent back at work or completely 
rehabilitated. 

The present status of the “good chronic” and poor risk groups is 
graphically illustrated in figure 7. A comparative summary of results 
of sanatorium treatment alone and of such treatment combined with 
thoracoplasty is shown in figure 8. Langmuir, Williams and Pope (6) 
made a study of the condition of a group of 506 patients five years after 
their admission to the Rutland State Sanatorium. Selected cases having 
an average of 12 months sanatorium treatment were used. The patients 
were admitted during the years of 1925 and 1926 and their status in 
1930 and 1931 determined. Of those selected for the analysis, 208 were 
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classified as far advanced. The condition of the patients was reported 
as to their being dead, ill or well. The percentages from this report are 
shown in A of figure 6. Graph B of the same figure represents the 
composite study of all cases included in the present study. The per- 
centages were taken from table 8. The comparison of the status of the 


PRESENT STATUS THORACOPLASTY PATIENTS 


GOOD CHRONICS POOR RISKS 
% GROUP lend 2 GROUPS 3end4 


no. of cases no. of cases 
172 135 so 


24” 


Working 


& 

App. Arrested —>- 

30 


3% Same 


10 
Dead 


201% 


9% 


21% 

Fic. 7. Graph showing present status of 307 patients treated by thoracoplasty divided 
into “good chronics’” (172) and “poor risks” (135). Figures are shown in percentages. See 
table 8. As time goes on many of the patients in the lower classes move up into the appar- 
ently arrested and working class. It is interesting to note that 89.5 per cent of the “good 
chronics’”’ were improved by the operation and 69.4 per cent of the “poor risks” are known to 
be definitely improved. 


patients in the two studies is interesting as it indicates the outlook for 
the far advanced patient now as compared to ten years ago. It should 
be pointed out, however, that the earlier study was made at the end of a 
five-year period and the thoracoplasty study was made on patients 
treated during a five-year period. It should also be pointed out that the 
thoracoplasty series consisted of practically all far advanced cases and 
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END RESULTS IN FAR ADVANCED DISEASE 


SANATORIUM TREATMENT SANATORIUM AND 
IN PNEUMOTHORAX ERA THORACOPLASTY 
1926 — 1931 1932 —1936 
Rutland Report 208 Cases Lahey Clinic 307 Cases 


Percent 90 


80 


704 
60 Working -» 39° 


50 


40 19% pop 


Arr. 


9% Quies. 
14 % Imp. 


6%"— some 
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Fic. 8. A comparative graph showing results in the treatment of far advanced cases of 
pulmonary tuberculosis. From a reports of Langmuir, Williams and Pope (6) on five-year 
end results in selected patients admitted to Rutland State Sanatorium in the years 1925 and 
1926. The authors of the Rutland report attempted to evaluate the effectiveness of sana- 
torium treatment. Cases falling in the following categories were excluded: (/) all patients 
under 17 years of age; (2) if residence was less than one month in the sanatorium; (3) if the 
disease had been present more than three years prior to admission; (4) all cases who died 
within three months of admission. Pneumothorax therapy was being used during the time 
these patients were being treated at the Rutland Sanatorium. The report emphasizes again 
the eventual high mortality in far advanced pulmonary tuberculosis. (b) Composite graph 
of present status of patients treated by thoracoplasty. Practically all subjects were in 
the far advanced stages of the disease. The value of an active program for permanent 
collapse therapy in far advanced disease is clearly shown. 
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the majority had already been resident in a sanatorium from one to five 
years before the operation was done. 


SPUTUM EXAMINATIONS 


A report on the studies of the sputum in this series of postoperative 
patients is shown in figures 9 & 10. For this analysis the report of the 
medical staff of the sanatorium referring the patient was accepted. 
Repeated examinations after concentration were done in most instances 
and guinea-pig inoculation in a few. In figure 9 is shown the tabulation 
of the sputum in the various preoperative groups for the cases done 
without (T) and with (M) mobilization. The two groups are hardly 
comparable because of the difference in the periods the patients were 
treated and the difference in types. In the older group the patients 
were ‘worked over’ until every possible surgical means to collapse 
cavities was exhausted. A great many had posterior revisions and 
anterolateral operations (table 6). The end results are good in those 
not having lung mobilization but the operations were more extensive and 
less conservative of the lower lobe. It will be noted that the patients 
having lung mobilization had a higher percentage of sputum conversion 
in the poor risk group. We have been greatly impressed by the number 
of patients who turn negative after ihe first stage providing the apex is 
mobilized. This provides a great factor of safety as subsequent opera- 
tions are thereby undergone with less likelihood of an extension or a 
contralateral spread of the disease. Practically every patient had a 
positive sputum preoperatively. A few of the empyema cases who had 
turned negative as a result of previous pneumothorax treatment were 
negative at the time of their first-stage thoracoplasty. For practical 
purposes tables 9 and 10 indicate the effectiveness of thoracoplasty in 
converting a positive to a negative sputum. 


TUBERCULOUS OR MIXED EMPYEMA 


The previous tables have included all cases of empyema complicating 
the pulmonary lesion. In table 11 is summarized data concerning 32 
cases of tuberculous or mixed empyema which were included in the 
reports on group 4 patients. All cases were treated by repeated aspira- 
tion whenever possible. We considered it advisable to provide external 
catheter drainage in 6 patients. There was one operative death and 
there has been but one late death. The chest-wall is now closed in 28 
patients and a sinus persists in 2 patients. Half of the living patients 
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PLATE 1 


Fic. 9. Mr. M. LeB., age 35 years. Left upper 7-rib two-stage thoracoplasty in January, 
1935, provided adequate collapse of the left upper lobe. Has slight scoliosis with excellent 
shoulder function. 

Fic. 10. Mr. Ed. K., age 38 years. Left upper 7-rib two-stage thoracoplasty in De- 
cember, 1935. Complete rehabilitation without deformity. 
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have been discharged from their respective sanatoria and are 
to work. 


TABLE 9* 
Sputum examinations after operation in relation to preoperative classification 


crour1 | crovr2 | crour3 | crovr4 | | rorats 


T|M T;}M M;T/;M 


T 
Sputum positive....... 8 3} 15 
Sputum negative 23 | 20 | 44] 58 | 12 | 24 14| 24| 5 | 3 | 98 | 129 


* Table showing results of recent sputum examinations in thoracoplasty subjects. 
T = Thoracoplasty alone. 
M = Thoracoplasty with lung mobilization. 


TABLE 10 
Sputum examinations after operations in relation to good and poor risk groups 


Groups 1 & 2 Groups 3 & 4 ALL CASES 


Per Per Per Per |Num-} Per 
T cent M cent T cent M cent | ber | cent 


Sputum positive 4 9; 11} 21] 11] 27/10.6 
Sputum negative 67 | 94 | 78 | 89 | 31 | 79 | 51 | 89 | 227/89.4 


TABLE 11* 
Tuberculous and mixed empyema complicating pulmonary tuberculosis (group 4 subgroup 2) 


Total number 
Operative deaths 1 (3.1%) 
Late deaths 1 


Thoracoplasty + external drainage 
Thoracoplasty + repeated aspiration 


Chest-wall now closed 
Persisting thoracic sinus 


Thoracoplasty incomplete 
Improved or quiescent 
Discharged and working 


* Composite table summarizing results in the treatment of tuberculous or mixed empyema. 
These patients were included in the previous tables under the classification of group 4. 


Our experience with tuberculous or mixed empyema has led us to 
believe that obliteration of the pleural space is the treatment of choice, 
avoiding if possible external drainage. In some a preliminary steriliza- 
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tion, or an attempt at sterilization, of the pleural cavity by oleothorax 
was carried out. In others we have proceeded with thoracoplasty 
without such treatment. The pleural fluid is withdrawn as the chest-wall 
is let down. The operation is done in carefully planned, delayed stages 
and in many instances where the original pulmonary disease did not 
involve the lower lobe there has been a partial reéxpansion of that lobe 
after an upper selective thoracoplasty (figure 5). All will agree that 
conservation of uninvolved pulmonary tissue is most desirable. Many 
times it has been regretted that a patient has had to forfeit an entire 
lung in order to collapse cavities in the upper lobe when a pneumothorax 
becomes complicated with a tuberculous empyema. The use of oleo- 
thorax is frequently not the most selective type of semipermanent 
collapse and, when used, may preclude the hope of reéxpansion. A 
permanent and adequate form of collapse of the upper lobe and an 
attempt at reéxpansion of the base is a step toward the conservative 
goal in collapse therapy. 


DISCUSSION 


Destruction of considerable pulmonary tissue by a tuberculous process 
frequently leaves the patient with cavitation that does not close in 
spontaneously. There may be a failure of temporary forms of collapse 
therapy to effect cavity closure. A condition actually exists in which 
there is a discrepancy between the size of the healthy lung and the size 
of the thoracic cage. The spaces or cavities in the lung represent the 
difference in volume of the remaining lung and the volume of the thorax. 
A carefully planned and executed thoracoplasty readjusts the size of the 
thorax to correspond to the volume of the lung. When this is done 
selectively there is less interference with the function of healthy portions 
of the lung. Our experience indicates that the most selective and the 
most conservative thoracoplasty is one that is supplemented by lung 
mobilization. The type of collapse of the upper lobe thereby provided 
more nearly simulates a perfect upper selective pneumothorax than any 
form of permanent collapse yet devised. ne 

Greater selectivity in collapse therapy makes it possible to accept for 
operation certain patients with bilateral disease. (See figure 12.) 
The areas of cavitation must be so distributed that it is technically 
possible to collapse them and still leave the patient with a fair pulmonary 
reserve. The collapse of the two upper lobes should not be much more 
expensive as to healthy pulmonary tissue than the collapse of two or 
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PLATE 2 


Fic. 11. Miss B. C., age 54 years. Dyspnoea and tightness in the chest were prominent 
preoperative symptoms. An old tuberculous process at the left apex had caused marked 
displacement of the mediastinum. trachea and heart to that side and there was elevation of 
the diaphragm. Following an upper selective thoracoplasty and mobilization of the upper 
lobe all symptoms disappeared, including the dyspnoea. The patient was completely re- 
habilitated. 

Fic. 12. Miss E. M., age 26 years. Both upper lobes destroyed by disease of five years’ 
duration. Last operation of a bilateral thoracoplasty in September, 1936. Disease appar- 
ently arrested and patient is now home and symptom free. 
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three lobes on the same side. The remaining lobes must be able to 
function. Therefore, in bilateral disease, phrenic nerve paralysis not 
only becomes of questionable value, but may be definitely con- 
traindicated. 

An inadequate pneumothorax or oleothorax which fails to control the 
pulmonary lesion and at the same time prevents expansion and function © 
of an uninvolved lower lobe, may be a radical and wasteful type of col- 
lapse. For such patients an abandonment of the pneumothorax or 
oleothorax and the substitution of an upper selective permanent form of 
collapse of the permanently destroyed upper lobe should be considered. 
The lower lobe can then be conserved. Some functioning lung on both 
sides provides a great factor of safety for all patients with pulmonary 
disease. 

At the present time 121 thoracoplasty patients included in this report 
have returned to work. We have been impressed with the fact that 
comparatively few complain of dyspnoea on exertion or show other 
evidences of pulmonary deficiency. A number of patients who preopera- 
tively had had tightness in the chest, wheezing or slight dyspnoea on 
exertion found that these symptoms disappeared following thoracoplasty. 
A study of the lung volume and vital capacity in a series of 32 patients 
treated with thoracoplasty and lung mobilization has been recently 
made by Harter, Overholt and Perkins (7). The final determinations 
were made several months postoperatively. The patients were ambu- 
latory or had returned to work when the postoperative determinations 
were made. Variations in values were found in both directions. The 
majority of patients showed a slight decrease in functional residual air. 
From this study it was concluded, however, that thoracoplasty, per se, 
does not leave the patient worse off physiologically than he was before 
the operation was performed. (See figures 9, 10, 11 & 12.) 


SUMMARY 


A survey of the results so far obtained in 370 patients treated by 763 
stages of thoracoplasty has been made. Mortality figures for this group 
have been given. It has been shown that the number of seriously ill 
patients accepted for thoracoplasty has been increased, yet the risk of 
operation has steadily declined. A practical form of classification has 
been worked out which has aided in the evaluation of results. Of the 
370 patients, 206 were considered good chronics with the disease so 
located that a reasonably good chance of a satisfactory collapse was antic- 
ipated. One hundred and sixty-four patients with progressive disease, 
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empyema or extrapulmonary complications were given the benefits of 
thoracoplasty. Of those in the poor risk group 60 had bilateral cavita- 
tion. A high per cent (89.5 per cent) of the patients in the “good 
chronic” group were definitely benefited by the procedure. Slightly 
over half, 51 per cent, were already back at work and 25 per cent more 
were in various sanatoria with their disease quiescent or arrested. In 
the poor risk group 24 per cent were working and 26 per cent were 
quiescent or arrested. It was found that 69 per cent were benefited by 
operation. In the entire series 121 patients were completely rehabili- 
tated. The possibilities are good that eventually 248 (80 per cent) 
of the 307 completed patients will be classified as apparently arrested 
and will be able to carry out varying degrees of activity. 

Our experience with thoracoplasty in the treatment of patients with 
far advanced pulmonary tuberculosis suggests that it is the most valuable 
of all permanent collapse procedures. Selective, yet adequate collapse 
of diseased lung and conservation of uninvolved lung should be the ideal 
in permanent collapse therapy. The extent of the decostalization can 
be reduced by mobilization of the upper lobe at the time of the first-stage 
operation. A delay between stages is an important factor in planning 
the most conservative operation. Thoracoplasty is indicated not only 
for many good chronic patients but also has a place in the treatment of 
progressive and bilateral disease. 


The author wishes to gratefully acknowledge the assistance given in the assembling of 
these data by the Superintendents and Medical Staffs of the following hospitals: The Barn- 
stable County Sanatorium, Dr. Julius Kelley; The Bristol County Sanatorium, Dr. Garnet 
Smith; The Essex County Sanatorium, Dr. O. S. Pettingill; The Norfolk County Sanatorium, 
Dr. Nathan R. Pillsbury; The New Hampshire State Sanatorium, Dr. Robt. M. Deming. 
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ROENTGENOLOGICAL GROUP EXAMINATIONS FOR 
PULMONARY TUBERCULOSIS? 


ROBERT G. BLOCH, BYRON F. FRANCIS, C. WESLEY EISELE anp 
ELWOOD W. MASON 


INTRODUCTION 


The importance of roentgenological diagnosis in pulmonary tuber- 
culosis has been ever increasing since the advent of the roentgen ray. 
It has now reached such magnitude that responsible physicians will not 
undertake to determine the exact extent of pulmonary disease and decide 
on the course of therapy by physical examination alone. But, more than 
that, no responsible physician will rule out the presence of pulmonary 
tuberculosis on the basis of negative physical findings. The experience 
that percussion and auscultation may fail even in extensive and advanced 
tuberculosis, although signaled by systemic and local symptoms, has 
been growing in recent years. It has convinced those working in this 
special field that certainly the small and beginning tuberculous lesions 
cannot be found without the aid of roentgenological examinations, and 
that many others which had been underestimated as to their extent 
and significance can be properly diagnosed only by this method. 

So far this truth has failed to find the deserved recognition in medical 
practice. We know of no better way to describe the still prevailing 
conception of the diagnosis of pulmonary tuberculosis than by quoting 
the words of Kattentidt, one of the German pioneers in the work with 
which we want to deal in this paper. He writes (48) (translation), 
“Again and again and as a rule I encounter the opinion in all of the older 
colleagues that they can hear any pulmonary tuberculosis of consequence. 
This is the fundamental error. It has beset all those who have not had 
the opportunity to compare the findings of their ear with those of the 
roentgen ray; if they did have that opportunity, they would soon find 
that they heard tuberculosis where there was none and that they diag- 
nosed health in the presence of advanced tuberculosis. These older 


1 From the Department of Medicine, University of Chicago, Chicago, Illinois. 
? Read at the Fifth International Congress of Radiology, Chicago, Illinois, September 12 
to 17, 1937. 
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physicians finally now must recognize the true facts. If we lung spe- 
cialists never trust our well-trained ear with the decision as to the 
presence or absence of pulmonary tuberculosis, then our colleagues who 
are not specialists should not find it too difficult to practice the same 
modesty.” We are entirely in agreement with Kattentidt that failure 
to make a diagnosis of pulmonary disease because a roentgen examination 
was not carried out should be regarded as negligence. 

Next to the inadequacy of physical examination it is the absence 
or scarcity of symptoms which is increasingly acknowledged as a cause 
of failure to diagnose tuberculosis. Really early tuberculosis, that is, 
tuberculosis of minimal extent, which has not advanced into the stage 
of tissue necrosis rarely causes noticeable symptoms. (We take this 
opportunity to state our opinion that pulmonary tuberculosis which has 
entered the stage of caseation and thereby of at least threatening 
excavation should never be classified as minimal regardless of how small 
the involvement may be.) The public is only inadequately served by 
early diagnosis campaigns urging individuals with certain symptoms to 
submit to an examination. The most such efforts can accomplish is to 
uncover cases of well advanced tuberculosis and not even very many of 
those. An amazing number of people with extensive and occasionally 
spectacular disease do not have enough symptoms to arouse the sus- 
picions of the patient himself, his family, or even his physician. Again 
it was roentgenology which revealed this discrepancy. 

These facts have been demonstrated by an imposing number of out- 
standing men in the field of tuberculosis. They have proved by figures, 
chiefly from Germany and the United States, how many cases of tubercu- 
losis which had been missed entirely on physical examination were 
recognized by roentgenological examination. The results which recently 
were extensively reviewed by Kayser-Petersen (49) indicate that from 
ten to sixty per cent of all cases of tuberculosis which were found on 
roentgenological had been missed on physical examination. This esti- 
mate does not include the vast number of patients whose roentgenological 
findings surpassed the physical examination in demonstrating the size 
and extent of pulmonary disease. Five years ago we (Bloch 8) esti- 
mated, on the basis of the experience of our clinic, that about one-third 
of all cases of clinically important pulmonary disease are missed on 
physical examination. Now we believe that one-third is too conserva- 
tive an estimate. We may mention the careful study of Sampson and 
Brown (74) on 1,004 patients at Trudeau Sanatorium in which they found 
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no physical signs of disease in 39.6 per cent and physical signs indicating 
less disease than the roentgenogram in an additional 36 per cent. 

The only logical conclusion is that in order to find the disease at an 
early stage, to find it reliably at any stage, it is imperative to apply 
roentgenological examinations routinely to large groups of apparently 
healthy persons. 


TECHNIQUE 


The growing recognition of this need by specialists in tuberculosis 
has in recent years led to an increasing number of roentgenological group 
examinations in many countries. Before attempting to summarize the 
results, it may be well to discuss briefly the technique of such 
examinations. 

The great majority of all examinations among adults was made by 
fluoroscopy. The value of this method has been questioned by many. 
It has been called unreliable as too subjective because of technical diffi- 
culties, limitation of time, and fatigability of the examiner. The 
reports of failure to recognize tuberculous lesions subsequently diagnosed 
by roentgenograms range from less than 3 per cent to 33 per cent. It 
seems that the percentage of failures diminishes with the increasing 
experience of the examiners. The superiority of the roentgenogram 
over fluoroscopy cannot be questioned, but the expense has made it 
impracticable for many group examinations. Most authors agree that 
excellent results can be obtained by taking roentgenograms of all persons 
with definite or suspicious findings by fluoroscopy, and that success 
depends upon how freely the film can be used for that purpose. This 
has been our experience too. We do not believe that many tuberculous 
lesions of clinical importance are overlooked by an experienced examiner 
who is trained in fluoroscopic technique and in pulmonary pathology. 
This is also the opinion of Amberson (2B), Weber (88, 89), McCain 
(60), and Fellows (25, 26, 27), who has had an extensive experience with 
this method. Hetherington and Flahiff (42) believe that the more 
extensive and important lesions will be recognized by fluoroscopy as 
will also apical infiltrations extending below the clavicle. 

Lesions are most easily missed in the upper subapical region where 
foci are obscured by the bones of the shoulder and by ribs. However, 
even a good roentgenogram may fail to reveal small infiltrations there. 
It should be emphasized here that the fluoroscopic examination is used 
only as a screen in case-finding surveys but never to rule out the possi- 


Fic. 1. Examples of small tuberculous lesions found by fluoroscopy 
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bility of pulmonary disease when there are symptoms. Nor is it reliable 
for making a definite diagnosis or as a means of following the course of a 
tuberculous lesion. 

Figure 1 shows some of the small tuberculous involvements which were 
recognized during our own fluoroscopic examinations. Certainly all 
advanced tuberculosis can be diagnosed quite easily this way. The time 
which is required for the examination of one person depends upon the 
ability of the examiner to see and interpret shadows in the lung field. 
Like Kayser-Petersen, of Germany, we found that 30 seconds were 
sufficient for well accommodated and trained eyes to examine with 
satisfactory results. Long and tedious scrutiny is not the expression of 
greater caution, certainly not of greater ability. We find that one 
physician can examine from 50 to 80 persons at a time without tiring and 
impairing the accuracy of his findings. 

Tuberculin tests instead of fluoroscopy have been employed as a 
screening method, chiefly in the United States—mainly in examining 
groups of children but also in some adult groups. We do not want to 
enter into an academic discussion of the value of tuberculin tests in 
supposedly healthy adults. Apparently they can be used successfully 
in children, but we have grave misgivings about the usefulness of tu- 
berculin in adult groups. We doubt that it equals the fluoroscopic 
method in reliability and efficiency. Because of the high incidence of 
positive tuberculin reactions in most adult groups, a very high percentage 
of the tested individuals require roentgenograms. It is, therefore, more 
economical to use a roentgenological method from the beginning. 

The very inadequate funds available for case finding should be used 
to yield maximum results. Hetherington and Flahiff (42) found that, 
when the cost of films is important, fluoroscopy is a more efficient screener 
than tuberculin-testing, that is, a higher proportion of those selected 
for films will have significant lesions. Amberson (2) recommends the 
tuberculin test as a screen if the community is known to have a low 
incidence of infection, but the X-ray if there is a high incidence. Rela- 
tive values in tuberculosis surveys have been given careful consideration 
by several individuals and institutions (50, 68, 24, 66, 58, 70). It is 
recommended that their findings be consulted before planning a case- 
finding program. 


TOTAL REPORTED RESULTS 


In 1923 Alder used fluoroscopy as a routine examination of recruits 
and drafted men in the Swiss Army. So far as we can determine, this 
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was the first practical use of serial roentgenological examinations. In 
that year, 2,000 recruits and 1,250 drafted men were examined, and of 
this group 68, or 2.1 per cent, were “mustered out” because of abnor- 
malities which were found. This work of Alder’s was referred to in 
1930 by Walther (86) but not reported by Alder until 1936 (1). Before 
this, in 1902, Béclére and Solet (72) used the fluoroscope upon the 
recruits of a Battalion of the French Army and pointed out the relative 
frequency of intrathoracic abnormalities. The first reports of group 
examinations, on a larger scale, are available of school children and 
university students. Aside from a very few far-seeing and admirable 
efforts in the commercial and industrial field, the way to this new public 
health undertaking was shown by the universities. During very recent 
years, the method has been applied in examinations of professional, 
military, industrial and general population groups. 

It is not the purpose of this paper to analyze in detail the results 
reported from these sources. This has been done very recently by 
Kayser-Petersen (49). His splendid monograph reviews the entire field 
of roentgenological group examinations and deserves reading by all who 
are interested in the subject. 

We have tabulated (table 1) in some detail the results of group exami- 
nations available in the medical literature. We were interested in 
determining the incidence of active tuberculosis in the groups examined. 
This was difficult, not only because the criterion of activity differs 
so widely among examiners, but also because they chose to use so many 
different terms in which to express their findings. Some authors classify 
all latent or asymptomatic tuberculosis of the reinfection type as active, 
others only those associated with symptoms. Some use the terms 
“active” and “suspiciously active,” others “manifest,” “latent,” etc. 
Obviously a certain percentage, possibly high, of the latent or suspiciously 
active will later manifest themselves either by symptoms or by changes 
on subsequent roentgenograms and thus fall within the “active” group. 
It has not, therefore, been possible for us to express the reported findings 
in any single term in general use. For this reason we have tried to in- 
clude under the term “significant” those cases from the literature which 
seem to represent types of tuberculous lesions which we thought the 
authors considered important. In general, these would be types re- 
quiring of the patient some modification of his mode of life ranging from 
periodic observation and slight reduction in physical activity to imme- 
diate hospitalization. 

The same type of lesions has not the same significance in different age 
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groups. Thus all lesions in grade and high-school children interpreted 
as a reinfection type have been considered as significant, whereas this 
is not true for many reinfection lesions found in persons who are usually 
classified as adults. 

Many reports could not be used at all because of the vague manner 
in which the findings were presented. From others we have extracted 
figures for significant tuberculosis which are probably not strictly accu- 
rate because obviously the examiners had not kept, or had not troubled 
to give, definite figures but expressed their findings in very round num- 
bers. These instances we have indicated in the “Remarks” column. 

Attention should also be called to the fact that nearly all of the 
European reports are based upon fluoroscopy as a screening method. 
(We assume that many times this method was used as the sole roentgeno- 
logical procedure, for definitive diagnosis and follow-up, as well as for 
screening.) In the United States, on the other hand, tuberculin-testing 
was used as a screening method in a high percentage of instances. There 
were also many roentgenographical surveys of groups without any pre- 
liminary screening. 

This summary of the literature concerns well over one million persons 
who have been subjected to the group examination procedure. About 
one-fourth have been children up to the age of fifteen years. In addition 
to these reports actually in the literature, we know of some other group 
examinations now under way, chiefly in industrial concerns. Dr. G. H. 
Gehrmann, Medical Director of E. I. du Pont de Nemours & Company, 
in a personal communication informed us that they have made chest 
roentgenograms of all applicants for employment and of their regular 
employees at the time of their periodic examination for the last five years. 
They find it a highly valuable procedure from the standpoint of both the 
employees and the company. The method is being used in other indus- 
trial organizations and in several units of the United States military 
services (4). Sixty colleges (29) now have active modern antitubercu- 
losis programs in force. Also in many unnamed clinics and doctors’ 
offices in the country routine roentgenological examination of contacts is 
practised and many cases of tuberculosis are found in this way. In the 
Chest Clinic of the University of Chicago we have followed this procedure 
during the past nine years. 

Our own interest has centered in the examinations of adults, partly 
because we have no access to large numbers of children, but chiefly be- 
cause we believe that the most direct assault against tuberculosis may be 


ROENTGENOLOGICAL GROUP EXAMINATIONS 185 


made through the adult population (91). From tables 1 and 2 it is quite 
apparent that more tuberculosis is found in adults than in children. The 
incidence of active tuberculosis in adults in both Europe and America 
varies according to the social and occupational status of the groups. It 
ranges from as low as 0.13 per cent in a rural district (52) of the United 
States to 3.3 per cent in a large group of the unemployed white persons 
living in New York City (6). As a whole, the results obtained bv a 


TABLE 2 
Summary of results presented in table 1 


UNITED STATES EUROPE 


Number 


Number examined 


Adults 5,871 


Children 4,901 58,576 


Contacts 


Racial: 
Indian (American) 
Negro (U. S.) 25,190 
Chinese 
Puerto Rico 
Unemployed 11,000} 3. 11,000 
Industrial 63,960} 1. 32,001 
Teachers 7,898) 2. 5,451 
Food handlers 2,605} 2. 2,605 
5,908} 1. 4,489 
97 ,053) 0. 43 ,698* 
417,731) 0. 9 ,080+ 
Children: 
Grade, 5-13 252,925) 0. 170,445 
High School, 14-18 | 84,756) 0. 33,851 
“Kataster”’ 7,476) 1. 846 (Rural N. Y.) 


* Includes 4,766 classified in table 1 as postgraduate students. 
t Average age slightly higher. 


variety of examining techniques and interpretations are strikingly similar 
for groups of equal social and occupational status in the various countries. 
An outstanding exception, however, is the low incidence (0.23 per cent) 
reported in some European industrial groups (13), as compared with the 
relatively high figure (2.2 per. cent) in the United States. Many Euro- 
pean examiners of industrial and military groups have reported their 
results in a manner which allows us to use only the percentage of open 
cases as the figure representing “significant” findings. This probably 


TOTAL 
GROUPS Number | Signifi- ionifi- Signifi- 
69,348 02 { 9.8 
3.2 
2.2 | 31,959 | 0.38 
2.18 | 2,447 | 4.7 
2.0 
1.63 | 1,419 | 0.85 
0.83 | 53,355 | 0.95 
0.4 | 408,651 | 0.24 
0.1-0.2} 82,4804] 0.19 
0.57 | 50,905¢| 0.76 
0.13 | 6,630 | 1.6 
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accounts for some of the discrepancy. There are differences in age or 

social status within some groups themselves which probably account for 

differences in incidence. Thus the percentage of disease in adults in 

contact with tuberculin-positive children was 3.7 (89), but in a dispensary 

group of contacts it was 9.7 (76). Among 1,143 students of an eastern 

girls’ school (28, 82, 16) there were no cases of tuberculosis discovered by - 
X-ray, but among students in our larger universities the percentage lies 

between 0.5 and 1.0. 

Most of the results range from slightly below 1 per cent to somewhat 
over 3 per cent. The exception which far exceeds these figures is 9.2 
per cent in those who have been in contact with tuberculosis. This is 
almost three times the high figure of 3.2 per cent found in a socially 
underprivileged group, the unemployed of the United States (tables 1 
& 2). It is interesting to note how practical experience proceeds to 
silence the theoretical discussions about the importance or unimportance 
of exogenous superinfection with the tubercle bacillus in adults. These 
group examinations clearly demonstrate how man-made, foolish and 
futile are health laws which try to determine the age when contact infec- 
tion need not be seriously considered. ‘There is no individual of any age 
in whom active pulmonary tuberculosis cannot develop if the infection 
by contact with open tuberculosis occurs over a long enough period and 
with sufficient massiveness and virulence. Certainly no age limit can 
be drawn between the late childhood and young adult age. Our experi- 
ence suggests that a very considerable number, possibly most, of the 
tuberculous involvements of clinical consequence are acquired and 
developed during the young adult age. This too is the opinion of Opie 
and McPhedran (64, 62, 65), based upon extensive investigations of 
family and extrafamily contacts. We consider this one of the keys to 
the tuberculosis question and look upon the failure to examine roentgeno- 
logically the contacts of advanced, and particularly of open tuberculosis, 
as gross negligence. 

The roentgenological group examinations in our own University were 
initiated in 1932 when a total of 2,297 persons, comprising students, staff 
members, and employees of the university clinics and some members 
of the nonclinical faculty, were examined by the staff of the Chest Clinic. 
Only medical and foreign students—the latter because of a high incidence 
of tuberculosis in preceding years and those with a history of exposure— 
received stereoscopic roentgenograms; the rest of the group was fluoro- 
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scoped. The second group of 1,594 students was examined in 1934 by 
the student health services with the assistance of the Chest Clinic. 
Roentgenological examinations of all university students, hospital 


TABLE 3 
Roentgenological group examination—Classification of positive findings 


A. Extrapulmonary disease (cardiac) 
B. Definite involvement of the lungs 
1. Nontuberculous 
(a) Clinically significant 
(b) Not clinically significant 
2. Definite tuberculous involvement 


Medical Classification 
(a) Active (the classification of the Natl. Assn. 


(b) Strongly suspicious of activity Special observation (monthly) 
(c) Possibly active (latent) Routine observation (quarterly)... . 
(d) Apparently inactive (including residuals of more 
recent pleuritis) Routine observation (quarterly)... . 
(e) Inactive (possibility of future reactivation con- 
sidered) Delayed observation (annual) 
(f) Apparently healed (this includes old pleuritic 
residuals) No observation required unless 
symptoms suggestive of lung 


3. Suspicion of tuberculous involvement 
(a) Strong suspicion of tuberculous involve- 
ment 
symptoms— indefinite 
Suggestive findings Special observation 
history 
(b) Possibility of tuberculous involvement 
symptoms—indefinite 
Vague { findings Routine observation 
history 
(c) Remote possibility of tuberculous in- 
volvement 


symptoms—indefinite 
Absence of 


employees, and staff members have since become an accepted routine 
with the University Health Services. Only the group of 1932 is pre- 
sented in detail. 


3 Stereoscopic roentgenograms were taken of all in whom any kind of lesion was seen or 
suspected, small calcified foci (Ghon’s tubercle) excluded. 


[history 
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One of the criticisms against the group method has been that it in- 
creases the possibility of overdiagnosis and may create an army of 
neurasthenics and hypochondriacs. We agree with Braeuning, of 
Germany, that group examinations will convince many who believe 
themselves sick that they are not; but, it is likely that insufficiently 


TABLE 4 
Results of examinations at the University of Chicago 
Summary of roentgenologic group examinations 


324 STUDENTS | 962 STUDENTS | 1,011 ADULTS 

ROENTGENO- FLUOROS- FLUOROS- TOTAL 2,297 
GRAMS PIES 

CLASSIFICATION OF POSITIVE FINDINGS 


— Per | Num-| Per | Num-| Per Per cent 


cent | ber cent ber | cent 


A. Extrapulmonary (cardiac). . . 13 | 1.35} 10 | 0.98 
B. Definite involvement of lungs 11.1) 21 | 2.10} 25 | 2.50 
1. Nontuberculous 0.62) 3 | 0.31) 1 | 0.09 

a. Clinically signifi- 

2 0 


1 
2. Definite tuberculous 


involvement .... 12 2.74 
a. i 0 : 0.39 


b. 


0 0.30 
c. 2 0.52 


d. 


0.30 

f. Apparently healed. + 0.83 

3. Suspicion of tuberculous 
involvement 13 |0.56 

a. Strong suspicion.. . 1 (0.04 

b. Possibility 5 |0.21 

c. Remote possibility. 7 (0.30 


* This figure, composed of groups 2 a-b-c, comprises the percentage of cases which are of 
great clinical importance, the individuals being classed as patients at the present time. 


trained and over-zealous examiners have often exaggerated the patho- 
logical significance of their clinical findings. 

We are facing a new problem. Through this work we deal chiefly 
not with patients complaining of symptoms, but with people who in 
almost all instances are entirely unaware of the possibility of sickness. 
Great caution and hesitancy in making the diagnosis of active tubercu- 


| 
82 |3.56 
6 |0.26 
3 10.13 
b. Clinically not sig- EE 
3 |0.13 
| 
@ Apparently inac- 
if 
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losis is indicated in every person where the findings are not beyond doubt 
from the beginning. The activity of many tuberculous involvements 
cannot be determined by one roentgenological examination. Weeks 
and even months of clinical observation may be required to decide 
whether a patient is in need of treatment, of subsequent examinations 
only, or if he can be considered as clinically nontuberculous. 

Our findings in the group of 1932 are tabulated in a dual classification 
(tables 3 & 4) which attempts to adjust clinical management to patho- 
logical findings. The considerable detail of this classification was found 
necessary for ourown use. It has turned out after prolonged observation 
that all cases which on the clinical examination were classified as active, 
strongly suspicious of activity, or possibly active, had to be diagnosed 
as active. The total percentage of active tuberculosis was 1.2 per cent. 
The necessity of prolonged observation renders it impossible to consider 
the results of any group examination as complete and definite before a 
period of at least six months. In addition to pulmonary findings, abnor- 
malities in size or shape of the cardiac shadow led to a definite suspicion 
of heart disease in some of those examined and was later confirmed in a 
considerable number. 


EXAMINATION OF PREGNANT WOMEN 


The desire to widen the scope of our group examinations within the 
possibilities offered by the University of Chicago Clinics has led to the 
routine fluoroscopy of pregnant women since 1934. The experience 
that expecting mothers and subsequently their offspring are in especially 
grave danger from active or latent tuberculosis made the examjnation of 
this particular group appear an obvious medical necessity. There is an 
unfortunate discrepancy in general medical practice with regard to the 
management of tuberculosis in the pregnant woman. On one side there 
is a tendency to interrupt pregnancies indiscriminately for clinically 
insignificant or easily manageable disease and, on the other side, to allow 
patients with active and dangerous tuberculosis to give birth and to 
expose the infant to infection because they withheld information about 
past disease or because physical examination revealed no evidence of 
pulmonary lesions. 

All patients attending the prenatal clinic of the Chicago Lying-In 
Hospital (maternity hospital affiliated with the University of Chicago 
Clinics) were invited to be fluoroscoped. Of the 6,298 patients attending 
the clinic from February, 1934 to April, 1937, 4,040, or 64 per cent, 


be 
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reported for examination (table 5). All patients showing definite or 
suspected lesions by fluoroscopy were referred for stereoscopic roentgeno- 
grams. Seventeen patients in whom tuberculosis was suspected on 
fluoroscopy did not report for roentgenograms. Forty-three, or 1.06 
per cent, of those who did appear for fluoroscopy were proved to have 


TABLE 5 
Results of examination of expectant mothers at the University of Chicago 


NUMBER 


Attendance: 
Total clinic patients 
Reporting for fluoroscopy 
Not reporting for fluoroscopy 
a. No known tuberculosis 


Findings: 
1. Clinically important tuberculosis proven by subsequent 
roentgenograms: 
a. Active 


2. Suspicious findings, but patients failed to get roentgeno- 
grams* 


Summary: 
Tuberculosis found on fluoroscopy 
Known tuberculosis (by history) 
Total tuberculosis 


If the incidence of 0.69 per cent was maintained there were 15 additional cases of active 
tuberculosis undiscovered among the unfluoroscoped patients. 


Additional findings: 
1. 375 were suspected of having abnormal cardiac shadows and of these 158 (3.9%) were 
subsequently found to have organic heart disease. 
2. Three cases of bronchiectasis and one each of substernal thyroid, calcification of thyroid, 
calcification of pleura, tumor of pleura, spontaneous pneumothorax. 


* Four patients cancelled their Clinic registration when asked to have chest films taken. 


tuberculous changes. Of these, 28, or 0.69 per cent, had active 
tuberculosis. 

The fear of the diagnosis of pulmonary tuberculosis is particularly 
great among the pregnant women. One reason seems to be the desire 
to conceal past disease from the husband and his relatives. In this 
connection it is interesting and striking that 2,258 women did not report 


| 
| 
| 
100.0 
b. Known tuberculosis (history)..................-0000- 49 0.8 
ee 28 0.69 
| 43 1.06 
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for examination and that a considerable number of obstetric patients 
who had not been fluoroscoped were found to have tuberculosis later on. 
It seems probable to us that the percentage of active tuberculosis would 
have been higher if they had all been examined. In order to obtain 
fully satisfying results, these examinations will, in some way, have to be 
made obligatory. With regard to the diagnosis of clinical significance 
of tuberculosis, this group differs from all the others inasmuch as a 
decision of therapeutic procedure has to be made immediately in 
most cases. 

In addition to tuberculosis, several nontuberculous pulmonary and 
extrapulmonary conditions were found. Organic heart disease was 
suspected and proved by subsequent investigations in 158, or 3.9 per 
cent, of the patients. It was suspected but not proved in about an 
equally large number. 


DISCUSSION 


The evidence offered in the available statistics, while proving the 
usefulness of roentgenological group examinations in discovering tuber- 
culosis, does not necessarily convince of the magnitude of the tubercu- 
losis problem as it still exists. In recent years, the much publicized 
decline of the mortality rate from tuberculosis has led a large public to 
believe that the disease is getting well under control. Even considering 
the fact that it has moved from first to seventh place as a cause of death, 
it is still a tremendous factor in public health; the death rate in several 
racial groups and socially underprivileged parts of the population has not 
declined as noticeably. Furthermore, there is no assurance that the 
mortality from any infectious disease, therefore also from tuberculosis, 
may not rise again. In this connection it is interesting to. note that 
preliminary reports from 26 states (71) indicate that the expected decline 
of the tuberculosis mortality rate in the United States did not occur in 
1936. There is certainly no proof that the morbidity from tuberculosis 
has declined at a rate even approximating that of the mortality. But 
even if it has in countries where public health control is an established 
force, there are large parts of the world where an attack on the disease 
has hardly been attempted. In the United States, the fact alone that 
tuberculous disease causes such a high death rate in the Negro population 
would make it an acute problem. The roentgenological examinations 
of about 25,000 supposedly healthy persons of this group is, of course, 
hardly a beginning. 
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Among the white population, the serial tests on students, nurses, and 
similar professional groups, desirable as they are, are only an initiation 
to what will have to be done. The health of these groups does not 
constitute, and hardly suggests, the size of the tuberculosis burden 
to the general public. So far, at least in the United States, the com- 
parative figures of individuals examined in the various groups are not- 
proportional to their public health importance. In European countries 
considerable parts of the total young adult population are coming under 
tuberculosis control through examinations of military and other state- 
controlled groups. In this country, the access to comparable parts of 
the population is difficult. We have, for instance, for some time, 
tried to obtain permission to carry out fluoroscopic examinations of 
groups of industrial workers. It was our hope that by doing so we could 
add a more vivid demonstration of the desirability of the method to that 
already made in the above described groups. So far, we have not suc- 
ceeded, chiefly because of the fear of employees to jeopardize their 
employment and wage-earning capacity. Employment is rated higher 
than the secure knowledge of one’s health. It is deplorable that eco- 
nomically hard times do not permit the realization of the fact that there 
is much undiscovered tuberculosis, that much of it is bound to show its 
effects sooner or later, that by trying to avoid the problem now it will 
continue to present itself, little by little, with much severer damage to 
single individuals. It has been estimated by Kattentidt that in students 
the average case of pulmonary tuberculosis is found by group examina- 
tion three years earlier than if one waits until the patient presents himself 
with symptoms. During those three years, his chances of recovery 
become greatly diminished, not to speak of the infection which he may 
spread to others during the period. 

It is the inescapable demand of our time that, against all opposition, 
these examinations be made possible in all accessible groups. With the 
mounting convincing evidence of their value, we may eventually arrive 
at what German authors termed “Kataster” examinations, that is, 
surveys of the total population of entire districts. Until that hope can 
be realized, the examination of the most endangered groups, with sub- 
sequent testing of the contact persons of all those found to have tubercu- 
losis, would lead us far toward the goal of eradicating the disease. 

The figure of a total number of well over 1,000,000, or, if we allow 
for the unreported ones, perhaps approximately 2,000,000 examinations 
throughout the world, shows how far we are from that goal. At present, 
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we would be neither medically nor economically prepared for finding 
and caring for the number of undiscovered tuberculous individuals. A 
problem of enormous proportions will arise. On the basis of the avail- 
able statistics, it is a conservative estimate that 1.5 per cent of the 
supposedly healthy adult population has active tuberculosis of the 
lungs. If this estimate is applied to the adult population of the United 
States which numbers about 84,000,000, it follows that 1,260,000 people 
with active disease need to be found and cared for medically and socially, 
not to speak of the tuberculosis which would be discovered in their 
children. Figuring on institutional care for all of these afflicted adults, 
the 95,198 beds which were reported in the Journal of the American 
Medical Association for December 7, 1935, as available for the tubercu- 
lous appear as a poor provision indeed. The metropolitan area of New 
York City alone would yield a number of patients sufficient to occupy 
all of those beds, and they are fully occupied already. 

The lack of facilities for care, however, should not deter us physicians 
from the effort to find the disease. We cannot expect that everything 
can be made ready to receive our charges before we have begun to look 
forthem. Facilities will be provided, will have to be provided, by public 
and private agencies at the rate at which they are confronted with the 
already developed demand. It has been the experience of those carrying 
out routine roentgenological examinations that the majority of the cases 
found are in the minimal stage (25) and thus more satisfactorily managed 
with rest at home. If collapse therapy is indicated, it may be instituted 
with a shorter period of accompanying bed-rest. This aspect would 
mitigate somewhat the dismal outlook for facilities for adequate insti- 
tutional care. 

At this time the medical profession is not ready to face its own diag- 
nostic task. Examiners will have to be trained, roentgen equipment 
provided, and last but not least, the expense of the examination will have 
to be greatly reduced. With the greater utilization of existing roentgen 
equipment this might be accomplished. The private physician has it 
within his power to carry out very effective antituberculosis work by 
procuring a roentgenological examination of at least every one of his 
patients who has had contact with tuberculosis. As proved above, the 
greatest incidence is found in that group. It is chiefly the roentgenologist 
whose technical advice and diagnostic ability will be called upon greatly 
in this work. But the present rate of charges for chest X-ray examina- 
tions by X-ray laboratories in many parts of the country prohibits this 
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procedure in the ordinary family of contacts. A public agency must then 
supply this service if it is given at all. 


SUMMARY AND CONCLUSIONS 


1. The great value of the roentgenological survey method of finding 
tuberculosis has been proved. ; 

2. Fluoroscopy followed by roentgenograms in all cases of definite 
or suspected pulmonary pathology is a satisfactory method. 

3. The reported results of roentgenological surveys have established 
that the incidence of tuberculosis varies depending upon the age, race 
and social, occupational or medical status of each group studied. 

4. The groups yielding the greatest concentration of active tubercu- 
losis are known and for most efficient antituberculosis work should have 
the case-finding methods applied to them. Case-finding efforts are not 
effective antituberculosis measures unless adequate provision for treat- 
ment and for the examination of contacts is made. 

5. The groups in the United States arranged in order of diminishing 
incidence of tuberculosis are approximately as follows: contacts, In- 
dians, Negroes, unemployed, industrial workers, school teachers, and 
food handlers with rates of 2 per cent or above; college students, military 


groups and children with an incidence of 1 per cent or below. 

6. In our own surveys, out of 324 medical and foreign students exam- 
ined with stereoscopic roentgenograms, 13, or 4 per cent, with significant 
lesions were found. Fluoroscopy of 962 college students showed 2, or 
0.2 per cent, and 1,011 adult clinic employees revealed 13, or 1.28 per 
cent. Among 4,040 fluoroscoped expectant mothers there were 28, or 
0.69 per cent, with active tuberculosis. 
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THE WELTMANN SERUM COAGULATION REACTION:? 


A Comparison with the Sedimentation Reaction and with Clinical 
Findings in Pulmonary Tuberculosis 


S. A. LEVINSON anp R. I. KLEIN? 


INTRODUCTION 


For many years investigators in the field of tuberculosis have grouped 
their studies along lines of specific and nonspecific reactions. Those 
who have emphasized specific reactions encountered the problem of anti- 
body-amboceptor reactions, and the intensity of this combination in 
relation to various stages of tuberculosis. These serological reactions 
had enthusiastic supporters at their inception, but upon further study, 
the claims made by the various original investigators were not corrob- 
orated. Thus the value of the specific reactions in tuberculosis have 
not up to the present fulfilled the claims of their originators. 

Study was, therefore, made in the fields of nonspecific reactions with 
the hope that by this method one would be able to differentiate exudative 
from productive processes. In other words, a reaction that would 
indicate inflammatory processes, tissue destruction, toxaemia and other 
factors, and which would help to give a better understanding of changes 
taking place in the development of the tuberculous process. We might 
mention the Matefy, Daranyi, Frisch, Starling, and Takata-Ara among 
numerous nonspecific reactions that have been recommended as diag- 
nostic and prognostic indicators in tuberculosis. These reactions have 
for one or more reasons failed to be of aid in the study of tuberculosis. 
More recently the sedimentation reaction has been applied not only to 
tuberculosis, but to practically all disease conditions, and it seems, from a 
perusal of the literature, that this nonspecific reaction has had so many 
supporters, that one might be given the impression that the sedimen- 
tation reaction is almost a specific test for any disease to which it is 
applied. 

1 Presented at a session of the Pathological Section at the 33rd annual meeting of the 
National Tuberculosis. Association, Milwaukee, Wisconsin, June 1, 1937. 

? From the Departments of Pathology and Pediatrics, University of Illinois College of 
Medicine and Cook County Hospital, Chicago, Illinois. 

3 Mead Johnson Fellow. 
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When Weltmann (1) introduced his serum coagulation reaction in 
1930, he claimed just two things; that his reaction indicates either an 
exudative or a fibrotic process. This means that, by using the Welt- 
mann serum coagulation reaction, one is able to state only that the blood 
obtained from the patient in question indicates one or the other process; 
or a tendency for the pathological change to go in one or the other direc- 
tion. Weltmann did not claim that his reaction is specific for any disease 
condition. 


TECHNIQUE 


The Weltmann reaction is simple to perform, requires little apparatus, 
and the result can be read within twenty minutes after the serum is ob- 
tained. The test can be done in a doctor’s office as well as in an institu- 
tion. Although we (2) have described the technique of the test in a pre- 
vious paper which dealt with our observations in various diseases in 
both children and adults, we shall repeat the technique here since all 
reports but one are in the foreign literature. 

From a stock solution of 10 per cent calcium choride (CaCl, . 6H,O) 
ten dilutions consisting of 0.1 per cent, 0.09 per cent, 0.08 per cent, 0.07 
per cent, 0.06 per cent, 0.05 per cent, 0.04 per cent, 0.03 per cent, 0.02 
per cent and 0.01 per cent are made up. These dilutions are numbered 
from one to ten beginning with the strongest concentration. Ten small 
test tubes, such as are used in the Wassermann reaction, are placed in a 
metal rack and numbered in order from 1 to 10. Into each tube is 
pipetted 5 cc. of the similarly numbered calcium chloride solution and 
0.1 cc. of unhaemolyzed serum. The tubes are then shaken so that the 
contents are well mixed and placed in a boiling water bath for 15 min- 
utes. They are then removed and the reaction can be immediately 
determined. The contents of the tubes may be clear, faintly opalescent, 
turbid, or there may be a flocculation. There is usually a sharp and 
easily noted difference between flocculation and turbidity. 

The number of tubes in which coagulation occurs is designated by 
Weltmann as the coagulation band (C.B. of that particular serum). 
If there is a very slight or doubtful flocculation in one tube the reaction 
is interpreted as being intermediate between that tube and the one before 
it. In normal serum the first 6 tubes usually show flocculation. Some- 
times there is a slight or doubtful flocculation in the seventh tube. The 
normal coagulation band is therefore 6 to 63 and is remarkably con- 
stant. This means that normal human serum diluted 50 times with 
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calcium chloride solution and heated in a boiling water bath for 15 min- 
utes will not coagulate or flocculate if the concentration of the calcium 
chloride is less than 0.04 per cent. If the coagulation band is less than 
6, Weltmann speaks of the reaction as showing a shift to the left, whereas, 
if the coagulation band is 7 or greater, the reaction indicates a shift to 
the right. 


MATERIAL STUDIED 


Our material consisted of patients admitted to the Illinois Research 
and Educational Hospital and the Cook County Hospital. The coag- 
ulation band was determined by Weltmann’s original technique and the 
sedimentation rate by the method of Wintrobe and Landsberg (3) so 
that the rate could be corrected in relation to the cell volume. We feel 
that at the present time Wintrobe and Landsberg’s procedure is one of 
the more accurate of the numerous methods for determining the sedi- 
mentation rate. In tuberculosis, where various degrees of anaemia are 
so common, it appears to us that the uncorrected sedimentation rate can 
often be very misleading. 

Classification: We have separated our cases into the following groups: 


(1): General observations of the sedimentation rate and Weltmann reaction 
in three types of pulmonary tuberculosis in adults: (a) minimal; (b) moder- 
ately advanced; (c) far advanced pulmonary tuberculosis. In these groups, 
several determinations were made on each patient over a period of three to 
five months. 

(2): Repeated observations, usually weekly, on selected cases. 

(3): Daily observations made on selected cases for correlation studies of the 
Weltmann reaction, sedimentation rate, blood pH, carbon dioxide combining 
power, cholesterol and the clinical findings. 

(4): Single observations on a number of cases. 


We have indicated in chart 1 the serum coagulation reaction in several 
conditions which give opposite coagulation bands. In exudative con- 
ditions, as in lobar pneumonia, we find an extreme shift to the left and 
the coagulation band is almost always zero during the stage of consolida- 
tion. In septic states, and in malaria, the coagulation band is usually 
either normal, or shows a shift to the right. Cirrhosis of the liver, endo- 
carditis lenta, and peritoneal carcinoma also give a shift to the right, 
whereas acute rheumatic fever, and peritoneal tuberculosis, give a shift 
to the left. 
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Detailed analysis of the material studied: Charts 2, 3 and 4 illustrate 
our findings in adult tuberculosis. Chart 2 represents the far advanced 
cases, chart 3 the moderately advanced cases and chart 4 the incipient 
cases. In each group the individual cases were arranged according to 
their Weltmann reaction which was correlated with the sedimentation 
rate done at the same time. Although several blood examinations were 
made in each case, we have recorded only the last one. 
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T:B. 


xudative pleuritis Fibrotic pleuritis 


CuHartT 1. Range of the Weltmann reaction. Weltmann serum coagulation band in 
tuberculosis indicating the range in the exudative and fibrotic zones, as compared with pneu- 
monia, heart disease and cirrhosis of the liver. 


Analysis of the cases of far advanced tuberculosis with Weltmann reaction 
and the sedimentation rate: In chart 2 (52 cases studied) which represents 
the far advanced cases we find the sickest patients toward the left end 
of the chart where the coagulation band islow. The sedimentation rate 
in this group is rapid, and the death rate is high. Most of these patients 
were febrile and had positive sputa. At the right end of the scale, where 
the coagulation band is normal or increased, the death rate is relatively 
low, and most of the patients were clinically improving. The sedimenta- 
tion rate in a large percentage of this group was rapid and did not cor- 
relate with the coagulation band, or the clinical status. Of the three 
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rapid in the very ill patients in the far advanced group, it was also rapid 
in many of the quiescent cases with negative sputum, and did not com- 
pare as closely with the clinical state as did the Weltmann reaction. 
Analysis of the cases of moderately advanced tuberculosis with the Welt- 
mann reaction and the sedimentation rate: In the moderately advanced 
group of cases (30 cases) (chart 3) we again find that the most active 
cases are to the left and have low coagulation bands and relatively rapid 
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Cuart 3. Comparison of the Weltmann reaction with the sedimentation rate in the 
moderately advanced group of pulmonary tuberculosis (30 cases studied). The solid column 
is the Weltmann reaction and the striped column is the sedimentation reaction. Each solid 
and striped column together is for a different patient. The sedimentation rate was rapid 
and the Weltmann reaction was within the normal range and to the right in about two-thirds 
of the cases examined. . 


sedimentation rates. Two patients in this group died when the coag- 
ulation band was normal or increased. Most of the patients were show- 
ing clinical improvement and had negative sputum. Some of these 
cases had normal sedimentation rates. 

Analysis of the cases of minimal tuberculosis with the Weltmann reaction 
and sedimentation rate: Chart 4 illustrates our findings in the group of 
adults with minimal pulmonary tuberculosis; eight such cases were stud- 
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ied. All of the patients in this group did well, and were ultimately 
discharged as arrested cases. The lowest coagulation band in this group 
was five and the highest eight, and the sedimentation rate was rapid in 
four, and normal or only slightly increased in the other four patients. 
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Cuart 4. Incipient or minimal pulmonary tuberculosis (8 cases studied). The Weltmann 
reaction compared with the sedimentation rate. The solid column is the Weltmann reaction 
and the striped column is the sedimentation reaction. Each solid and striped column to- 
gether is for a different patient. Although the sedimentation rate was variable, the Weltmann 
reaction was normal or to the right. 


From these observations we conclude that the coagulation band is 
decreased and the sedimentation rate is increased in the active moder- 
ately and far advanced cases of pulmonary tuberculosis. In the incipient 
and arrested cases the coagulation band is normal, or increased, while the 
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sedimentation rate may remain rapid. There is no definite correlation 
between the Weltmann and sedimentation reactions, and the former 
seems to be a better index of the clinical state of the patient. 

We now proceed to an analysis of our results in a group of tuberculous 
children. Here we have compared the Weltmann coagulation band with 
the sedimentation reaction weekly over periods of two to five months. 
We wish first to contrast two cases of tuberculosis as recorded on charts 
5 and 6. 
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Cart 5. Primary pulmonary tuberculosis in a Negro girl thirteen years of age. The 
clinical improvement was reflected more accurately in the Weltmann reaction than in the 
sedimentation rate which was always rapid. 


Detailed study of individual cases of tuberculosis: 


Chart 5 refers to a 13 year old colored girl (V. W.) who was admitted to the 
hospital complaining of a poor appetite and loss of weight. Because of the 
fever and indefinite clinical findings, the diagnosis at first was thought to be 
typhoid fever or pyelitis. Later the Mantoux test was found positive, and 
the X-ray picture showed large hilar lymph nodes with a fuzzy infiltration in 
the right lung. The X-ray picture was repeated at a later date and it showed 
an infiltration of the right hilum which extended into the parenchyma of the 
lung. The temperature varied at the beginning from 103° to 104° and later 
dropped to 101°F. It remained at this level for a few weeks, and then became 
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normal and remained so until the patient was discharged from the hospital. 
The clinical diagnosis was primary pulmonary tuberculosis and the patient 
made a rapid clinical improvement. The Weltmann reaction at first showed 
a slight shift to the left and the sedimentation reaction was rapid as indicated 
by © on the chart. As the patient showed clinical improvement, and the 
lesion in the lung became arrested, the Weltmann reaction returned to normal 
and then showed a shift to the right as indicated by @ on the chart; whereas, 
the sedimentation reaction was rapid throughout the stay in the hospital. 
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Cart 6. Rapidly progressive bilateral bronchogenic tuberculosis with cavitation with 
death in a Mexican girl eleven years of age. The Weltmann reaction persists in the exudative 
zone, and the sedimentation rate fluctuates. 


If one were to use the Weltmann reaction as a guide in the progress 
of this patient’s condition, it would indicate that the clinical course be- 
came arrested and that the early exudative changes were replaced by 
fibrotic processes. In other words, there was a correlation between the 
clinical improvement and the Weltmann serum coagulation reaction. 
The sedimentation reaction was rapid at all times, and if one were to 
rely on this test alone it would indicate that the patient still had an active 
tuberculosis. In this case there was no correlation between the Welt- 
mann reaction and the sedimentation test. 


In chart 6 we present the results obtained in the study of a Mexican girl (J.) 
eleven years of age, who had a rapidly progressive bilateral bronchogenic 
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type of tuberculosis with cavitation, and who died approximately eight months 
after the clinical onset of the disease. She was admitted to the hospital with 
complaints of loss of weight, cough, diarrhoea and fever for the past six 
months. Her sputum was positive, and when she was first seen the coagula- 
tion band was four and the sedimentation 38 as indicated by @ on the chart. 
Her clinical course was rapidly downhill and the coagulation band was always 
in the exudative zone © and reached zero before death @. The sedimen- 
tation rate fluctuated, however, and approached the normal level several 
times. 


In this case also the Weltmann reaction reflected the clinical state and 
the pathological process more accurately than did the sedimentation 
rate. It has been shown that in cachectic states and some overwhelming 
infections, such as peritonitis, the sedimentation rate may be normal. 
The coagulation band, however, has in our hands always been indicative 
of the pathological state. 


The following example in chart 7 is that of a colored boy (J. B.) seven years 
of age, who came into the hospital with a temperature of 101°F. At this time 
the Weltmann reaction showed a slight shift to the left and the sedimentation 
reaction was rapid. The physical findings showed a right cervical adenitis, 
with rales in the right upper chest. As the Weltmann reaction shifted to the 
left in tube 3, as indicated by @ in the chart, the sedimentation reaction 
approached the normal limit, even though the patient’s temperature still 
remained 101°F. The Weltmann reaction remained normal or slightly to the 
left throughout the period of observation @; whereas the sedimentation rate 
fluctuated in the more rapid zones ®. The X-ray pictures showed first 
a consolidation in the upper half of both lungs. X-ray pictures taken about 
three months later still showed involvement in the upper half of the right lung. 
The patient is still in the hospital. 


In this example there was not an absolute agreement between the 
Weltmann reaction and the’ sedimentation time. 


Chart 8 represents a colored male (A. 7.) two and one-half years of age. He 
was admitted to the hospital because of a history of contact with tuberculosis. 
The boy’s mother has tuberculosis and is at the present time a patient in a 
tuberculosis hospital. The patient’s temperature was 104°F. and the Man- 
toux test was positive. X-ray examination revealed an infiltration in the 
upper half of the lung field. Diagnosis of a primary tuberculosis with bi- 
lateral tracheobronchial adenitis with a secondary infiltration was made. 
The involvement in the left upper lobe was interpreted as epituberculosis. 
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On October 13, the patient’s temperature was 104°F. and there was vomit- 
ing. No meningeal involvement was noted and examination of the spinal 
fluid was negative. The Weltmann reaction was normal as indicated by @ 
on the chart, and the sedimentation reaction was rapid. A few days later the 
patient presented slight rigidity of the neck. The spinal fluid showed 70 
lymphocytes and the sugar was 63 mgm. per 100 cc. The Weltmann reaction 
showed a slight shift to the left and the sedimentation reaction was less rapid. 
On October 29, the patient showed clinical improvement, and the Weltmann 
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Cuart7. Right cervical adenitis with infiltration in both lungs. Negro boy seven years 


of age. There is somewhat of an agreement between the Weltmann reaction and the sedi- 
mentation rate. 


reaction returned to normal ® but the sedimentation reaction remained 
rapid. The patient showed clinical improvement for the following month and 
the Weltmann reaction was not only normal but gave a shift to the right @, 
whereas the sedimentation rate was persistently rapid. In the latter 
part of January the patient developed chickenpox, the Weltmann reaction at 
this time showed a slight shift to the left ©, and the sedimentation reaction 
was also rapid. Then in March, 1937, the patient started to vomit again. 
The spinal fluid was essentially negative. The Weltmann reaction showed a 
slight shift to the left, the sedimentation reaction was rapid. Toward the 
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end of March, 1937, the patient developed diarrhoea. The Weltmann reac- 
tion gave a marked shift to the left ©, the sedimentation rate was approxi- 
mately normal. 


This patient is still in the hospital, and although the X-ray examina- 
tion at first showed an infiltration extending out from the hilum, the 
second X-ray film showed an infiltration in the upper half of the left 
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Cart 8. Primary tuberculosis with bilateral tracheobronchial adenitis and infiltration 
in left upper lobe. Negro boy two and one-half years of age. The sedimentation rate was 
most rapid when the Weltmann reaction was in the fibrotic zone and the patient was clini- 
cally improving. 


lung. There was no agreement between the Weltmann reaction and the 
sedimentation time, and at times the sedimentation reaction was a better 
index than the Weltmann reaction. 


Chart 9 is of a four year old white male (W. W.), who was admitted to the 
hospital in August, 1936, with a diagnosis of Pott’s disease. Previous to 
admittance to the hospital, the patient was under observation by a physician 


Oso 
SoH 


3 


212 S. A. LEVINSON AND R. I. KLEIN 


who diagnosed the pulmonary findings as a fibroid tuberculosis. The child 
developed anasarca, dyspnoea, cough and ascites. The urine showed a 2 to 
4 plus albumin. On admission the Weltmann reaction gave a shift to the 
left, as indicated by @ on the chart and the sedimentation time was slightly 
rapid. Later the coagulation band was still to the left @ and the sedimenta- 
tion reaction went to normal, and at this time X-ray examination revealed 
opacity in the right side of the chest with pleural effusion. There was a 
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CHART 9. Pott’s disease with infiltration in the right lung and destruction of the eleventh 
and twelth dorsal vertebrae. White boy four years of age. The Weltmann reaction is in 
the exudative zone although the sedimentation rate becomes normal. Later the sedimenta- 
tion rate increases with a more marked shift to the left of the Weltmann reaction. 


slight improvement in the clinical condition of the patient @ which was 
reflected in the rise of the coagulation band to 5. The Weltmann reaction 
later shifted to the left @ and the sedimentation reaction became more 
rapid, and at this time X-ray examination still revealed opacity in the right 
side of the chest, and there was a destruction of the 11th and 12th dorsal 
vertebrae. The Weltmann reaction continued in the exudative zone ® and 
the sedimentation rate was rapid. The physical findings at this time showed 
that the liver was enlarged to the umbilicus. There was dulness and coarse 
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rales on the right side of the chest. The patient is still in the hospital and the 
urine still presents a 4 plus albumin. There were sinuses discharging pus in 
the right inguinal region and the sacrum. 


There was no agreement between the Weltmann reaction and the sedi- 
mentation time in this patient. 


On July 16, 1936 a colored boy (C. V.) chart 10, age 11 years was admitted to 
the hospital complaining of loss of weight, poor appetite and cough for the 
past two months. Previous to admission to the hospital he had a phrenic 
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Cuart 10. Adult type of tuberculosis with bilateral involvement and cavitation left 
side. Negro boy eleven years of age. The sedimentation rate is always rapid although the 
Weltmann reaction is normal part of the time. 


operation on the left side. Chart 10 shows that the coagulation band gave a 
slight shift to the left, as indicated by @ on the chart and the sedimentation 
rate was rapid. The physical examination showed rales in the left upper lobe 
of the lung. The sputum was negative for tubercle bacilli, and the Mantoux 
test was positive. His temperature went up to 102° and the Weltmann reac- 
tion gave a marked shift to the left @, although the sedimentation rate 
tended to approach normal. As the patient was improving clinically, the 
physical examination of the chest was essentially negative. The coagulation 
band at this time was close to the normal zone but the sedimentation rate was 
rapid. The patient’s temperature went up again to 102°F. and the sedimen- 
tation reaction was rapid while the Weltmann reaction went to the left. In 
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the latter part of October the patient received pneumothorax treatment but 
the cavity did not collapse. The Weltmann reaction was near the normal 
zone and the sedimentation rate was rapid@. In the early part of Decem- 
ber, 1936, the Weltmann reaction showed a slight shift to the left @, the 
sedimentation reaction became closer to normal limits, but the physical find- 
ings revealed an infiltration in the upper two-thirds of the right lung. The 
temperature at this time was 101°. X-ray examination revealed a cavity 
surrounded by a thick wall and parenchymal infiltration on the right side. 
The diagnosis was an adult type of tuberculosis with bilateral involvement and 
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CHart 11. Pneumothorax treatment in a Mexican girl thirteen years of age who had a 


tuberculous involvement in both lung fieids. Here the sedimentation rate is rapid and the 
Weltmann reaction is in the exudative zone. 


cavitation on the left side. The patient showed slight improvement © and 
was transferred to the Municipal Tuberculosis Sanitarium. : 


There was no correlation between the Weltmann reaction and the sedi- 
mentation time in this patient. 


A comparison of the Weltmann and the sedimentation reactions in a 
case of pneumothorax treatment is shown in chart 11. 


A Mexican girl (M. A.), 13 years of age, was admitted to the hospital complain- 
ing of cough and loss of six pounds during the past three months. She stated 
that her sputum was positive for tubercle bacilli and that this examination 
was made by a private physician. Physical examination showed dulness and 
rales in both upper lobes. On admission the Weltmann reaction was to the 
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left as indicated by @ on the chart, and the sedimentation reaction was rapid. 
Temperature was 101.6°F. X-ray examination at the time revealed an infil- 
tration in the upper two-thirds of the right and upper one-third of the left lung. 

The Weltmann reaction remained to the left although the sedimentation 
reaction showed an approach toward normal limits. “The temperature was 
still elevated to 101°F. and in October the patient received pneumothorax 
treatment on the right side. She received three inflations in October, one in 
November, one in December and one in January, and during this time her 
fever went down from 101° to 100°F. The Weltmann reaction during the 
patient’s treatment showed a shift to the left @ @® with two practically 
normal Weltmann reactions, while the sedimentation reaction was rapid. 
In January the Weltmann reaction gave a marked shift to the left @ and 
the sedimentation reaction was slightly rapid, and the X-ray examination and 
physical findings revealed no cavities in the right side. The patient was sub- 
sequently transferred to the Municipal Tuberculosis Sanitarium. 


There was no correlation between the Weltmann reaction and the 
sedimentation time in this patient. 


DAILY OBSERVATIONS ON PATIENTS WITH TUBERCULOSIS 


For the following three cases, C. K., H. G. and F. S., we are indebted 
to Dr. W. F. Petersen who has made correlative studies on these patients 
in relation to the meteorograph.‘ In the three cases just mentioned we 
have analyzed the Weltmann reaction, the sedimentation rate, the blood 
pH and the carbon dioxide combining power with the clinical findings. 
These investigations were made daily over a period of several months. 


Observations on Patient C. K. 


The following is the clinical history of patient C. K. admitted to the Research 
and Educational Hospital, March 6, 1936. He was a white adult male, 
48 years of age, American, and a machinist by occupation. He complained 
of dyspnoea, loss of 30 pounds of weight during the past two years, haemoptysis 
one and one-half years ago, and cough for two years. He was well until two 
years ago, when he had a severe cold which lasted about one month. This 
was accompanied by a cough and he expectorated a large amount of thick 
yellow sputum which at times showed blood. On several occasions he noted 
bright red blood. He also complained of dyspnoea which persisted on and 


4The complete analysis of these cases appears in Petersen’s book The Patient and the 
Weather, vol. IV, part 2, Edwards Bros., Ann Arbor, Mich., 1937. We wish to take this 
opportunity to thank Dr. W. F. Petersen for permission to reproduce here a portion of a more 
detailed study he has made on these patients. 
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off for some time. He was unable to work, but was allowed to walk around in 
his house. One year after the onset of these symptoms the patient was ad- 
mitted to the Cook County Hospital complaining of a severe cough at night. 
He became tired very quickly, had lost 30 to 40 pounds during the past two 
years, and was 30 pounds below average weight for his height. 

The past history, family history, and personal habits were not pertinent. 

Blood pressure was 120/88 on admission. The chest findings showed a 
retraction of the infra- and supraclavicular spaces with a lagging of the left 
upper chest on inspiration. The tactile fremitus was slightly less on the left 
side posteriorly, Krénig’s isthmus was decreased, and the resonance diminished 
over the right apex. The breath-sounds were diminished throughout except 
in the right base. There were fine crepitant rales posteriorly over the right 
apex, and the anterior chest-wall where also the vocal fremitus was in- 
creased. The heart and abdomen were essentially normal. There was a 
slight lumbar scoliosis to the right. 

Diagnosis: Pulmonary tuberculosis in both upper lobes with cavitation in 
the right apex and an old pleurisy at the right base. Lumbar scoliosis. X-ray 
examination March 12, 1936, showed numerous dense, small infiltrations scat- 
tered throughout both lungs with confluence in parts. There was a suggestion 
of cavity formation in the right upper lobe. The findings were consistent 
with pulmonary tuberculosis, probably associated with a pneumonoconiosis. 

Laboratory findings: Kahn and Wassermann were negative. Blood chem- 
istry: glucose 92 mgm.; N.P.N. 30 mgm.; CO2 combining power 55; albumin 
3.86 per cent; globulin 2.97 per cent. Urine findings were essentially nor- 
mal. Haemoglobin 13 gm.; 5,280,000 red blood cells and 9,900 white blood 
cells. Differential count was normal. Sputum analysis was repeatedly nega- 
tive for tubercle bacilli. 

The numbers on the left hand side of chart 12 indicate: J: Clinical prog- 
ress notes; 2: black column is tuberculin reaction, each square represents one 
plus reaction; 3: Weltmann serum coagulation band; 4: sedimentation rate; 
5: CO2 combining power of the blood; 6: pH of the blood. The circles on 
the chart with numbers represent different episodes discussed in the text. 

On admission, December 5, the patient complained of coughing paroxysms 
and dyspnoea. At this time the Weltmann reaction was in tube 2 and the 
sedimentation rate was rapid. The pH was slightly elevated and the carbon 
dioxide combining power was low. There followed a slight increase in the 
coagulation band to tube 4 for a few days as indicated by episode @, and 
during this time the sedimentation rate fluctuated from a slight increase to a 
markedly increased reaction. The patient complained of dyspnoea in the 
evening with some wheezing. The pH rose to 7.48 and the carbon dioxide 
combining power was slightly elevated @. For a few days after December 10 
the dyspnoea was less marked, the cough dry and the Weltmann reaction was 
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slightly elevated to normal. The sedimentation rate was still rapid. At this 
time the carbon dioxide combining power dropped to 47 and the pH went up 
to 7.53. There was a period during which the Weltmann reaction dropped 
again to the 4th tube in the exudative zone. The sedimentation reaction 
became rapid. During this interval the patient complained of coughing 
spasms especially at night with dyspnoea, tired and drowsy feeling, the pH 
and the carbon dioxide combining power went down. From December 20 
to 24 there was a marked drop in the Weltmann reaction to the zero line @ 
and instead of the sedimentation reaction persisting in the rapid zone, it de- 
clined toward the normal zone @. The carbon dioxide combining power 
dropped to 48 and the pH went down to 7.38 @. At this time the patient 
complained of pain in the right intercostal space with coughing spells at night. 
For the remainder of the month of December, 1936, the Weltmann reaction 
went up to tube 4, still in the exudative zone but not as marked as in the 
preceding week. The sedimentation rate became rapid again. At this time 
the patient complained of dyspnoea and wheezing, the carbon dioxide com- 
bining power was 53 and the pH went down to 7.37 @. 

Again we had in the first week of January, 1937, a disagreement between 
the Weltmann reaction and the sedimentation rate, and an agreement between 
the Weltmann reaction, the carbon dioxide combining power and the pH. 
Between January 4 and January 10, the Weltmann reaction was zero and then 
it went up to tube 3, later to zero, and again rose to tube 3. During this entire 
period the Weltmann reaction was definitely in the exudative zone @. The 
sedimentation rate, however, went to normal @. The pH was slightly ele- 
vated, the carbon dioxide combining power went down. We see here a corre- 
lation of the blood pH with the Weltmann coagulation band, namely, that, 
as a rule, if the Weltmann reaction rises toward normal, the blood pH goes 
down toward the acid side, and conversely, as the blood pH rises toward the 
alkaline side, the coagulation band becomes diminished. The carbon dioxide 
combining power and the pH give divergent findings, as the former drops the 
pH goes up @. The patient at this time complained of severe coughing and 
dyspnoea. Another episode occurred between January 11 and 15. The 
Weltmann reaction droppéd from tube 4 to tube 1 @, indicating that the 
process was still in the exudative stage. The sedimentation rate was slightly 
rapid, the carbon dioxide combining power dropped and there was a slight 
elevation of the pH ©. 

The patient presented orthopnoea, dyspnoea and a severe cough. He 
gradually improved clinically and was feeling better part of the month of 
January. During this time the Weltmann reaction fluctuated from the exu- 
dative zone to the normal and slightly above the normal zone, in tube 7 ©. 
During this time the sedimentation rate was rapid ® except on January 23, 
when it became normal as the Weltmann reaction was slightly increased to 
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the right. The carbon dioxide combining power dropped considerably and 
there was a marked elevation of the pH. @. Clinically there were attacks of 
dyspnoea and the patient complained of feeling tired and had some choking 
spells. 

In the early part of February, 1937, the Weltmann reaction dropped to 
tube 4 © and the patient had severe dyspnoeic and choking spells and was 
coughing. The sedimentation rate, however, approached normal © and the 
pH started to go up and the carbon dioxide combining power was low@. For 
the first ten days in February, 1937, there was a slight rise in the Weltmann 
reaction to normal © and at this time, although the patient showed very 
little clinical improvement, he did not complain of distress symptoms as he 
did during the previous week. The sedimentation rate fluctuated in the rapid 
zone ® and then on February 12 the Weltmann reaction dropped to tube 2. 
The sedimentation rate went up and at this the patient complained of head- 
ache. There was a drop in the pH to 7.33 and the carbon dioxide combining 
power rose to 65 @. 

From February 16 to 22, the Weltmann reaction still remained in the exu- 
dative zone @, the patient was dyspnoeic, the sedimentation rate was slightly 
rapid @, the pH went up to 7.56 and then there was a sudden drop in the 
carbon dioxide combining power @. On February 26 the Weltmann reaction 
shifted to the left in tube 1@. The sedimentation rate instead of being rapid 
at this time approached normal@. The pH was down and the carbon dioxide 
combining power was slightly elevated ©. The patient complained of severe 
precordial pain with dyspnoea, orthopnoea and coughing spasms. There was 
a slight improvement in the first week of March, 1937, when the Weltmann 
reaction gradually came up to the normal zone @. The sedimentation rate 
was still rapid @ and the patient stated he felt better, and the choking spells 
were not as severe as they were in the last week. During this time the 
carbon dioxide combining power and the pH dropped slightly but rapidly 
returned to the preceding level @. 

During the week of March 10 to 15 the Weltmann reaction dropped toward 
the exudative zone @ in tube 5, the sedimentation rate became rapid @. 
The carbon dioxide combining power rose and the pH dropped @ and the 
patient complained of attacks of dyspnoea and choking spasms. From the 
15th to the 20th of March there was a slight elevation of the Weltmann reac- 
tion @ in the normal zone, the sedimentation reaction continued to be rapid 
@. The patient stated he was feeling better, but somewhat drowsy. The 
carbon dioxide combining power was diminished, but there was an elevation 
of the pH @. 

For the remainder of March, 1937, before the patient left for home, the 
Weltmann reaction dropped to the 3rd and 4th tubes indicating that the 
anatomical changes were still reflected in the exudative zone @, the pH was 
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rather high at this time (7.66) and suddenly dropped to 7.33 @, the carbon 
dioxide combining power remained high. The sedimentation time remained 
rapid @. The patient, although he stated he felt better, still had attacks of 
dyspnoea and some choking spells. 

Tuberculin skin reactions: Through the kindness of Dr. John Howe who 
has made daily tuberculin skin tests using the von Groer technique on the . 
patients studied, we have inserted these results on chart 12. The tuberculin 
test is represented by a 3 or 4 plus reaction. The solid black lines indicate 
tuberculin, and each square represents a plus reaction. When the extensive 
tuberculin reactions are compared with the Weltmann coagulation band it is 
noted that invariably when the tuberculin reaction was 3 or 4 plus the Welt- 
mann reaction was in the exudative zone. Such a definite-correlation did not 
exist between the tuberculin reaction and the sedimentation rate. The analy- 
sis of the correlation of the marked skin tuberculin test with the Weltmann 
reaction as it swings in the exudative zone is merely a reflection of the anatomi- 
cal processes that take place in the human organism. When the anatomical 
changes indicating exudation occur, as is reflected in the coagulation band, 
the patient invariably gives a 3 or 4 plus tuberculin test. The skin blood 
vessels become more permeable and the response to the tuberculin reaction is 
more pronounced. 


Observations on Patient H. G. 


A 38 year old, white male, American born, was admitted to the Research and 
Educational Hospital on December 4, 1936. He was a laborer by occupation. 
Previous to admission to the Research and Educational Hospital, he was at 
the Cook County Tuberculosis Hospital from October 1 to December 4, 1936. 
He complained of pain in the right chest and night sweats for eight weeks, 
and loss of 6 pounds since the onset of symptoms; cough and expectoration for 
eight weeks, and loss of appetite. 

He was well until eight weeks before admission to the hospital when he 
began to cough and bring up sputum which was blood-streakedat times. He 
had night sweats and sharp pain in the chest, particularly on coughing. He 
applied at the Cook County Hospital for examination and X-ray revealed a 
tuberculous lesion of the lung. 

The past history was essentially negative except that he had had measles, 
mumps and scarlet fever. He denied syphilis. He did not use alcohol, and 
smoked only 3 or 4 cigarettes a day. 

Mother, sisters and one brother were living and well. His father died of 
“pleural pneumonia” at the age of 72. 

The patient stated that he was in good health until October, 1933 when he 
had an attack of pleurisy in the left chest. He was at home for two months 
and under the care of a doctor. His weight went down from 135 pounds to 
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95 pounds at this time. He recovered from this illness and returned to work 
asalaborer. For the succeeding three years he continued at this occupation, 
but he fatigued readily. 

About September, 1936, the patient contracted a “‘chest cold” with a sharp 
pain in the right chest, exaggerated on coughing and on inspiration. This 
was followed by a productive cough, and on many occasions blood-streaked 
sputum was seen. These symptoms persisted until he was admitted to the 
Cook County Hospital. 

On physical examination, the patient was a fairly well developed, rather 
slender white male. Blood pressure was 130/80; respirations 18; pulse 84; 
temperature 98.6°F. In the left axilla there was a subcutaneous mass about 
the size of a golf ball which was encapsulated, soft and fluctuant, with a small 
amount of white pus expressed from an opening in its centre. There was 
diminished resonance over the right apex with moist rales persistent after 
coughing. The heart and the abdominal organs were essentially negative. 

Impression: Right apical tuberculosis with a cold abscess in the left axilla. 

Laboratory findings: Haemoglobin 11 gm.; red blood cells 5,200,000; white 
blood cells 12,500. Differential count: lymphocytes 35 per cent; monocytes 
4 per cent; polymorphonuclear leucocytes 60 per cent; eosinophiles 1 per cent. 
Serum albumin 3.74; serum globulin 3.6; glucose 85 mgm.; N.P.N. 29; carbon 
dioxide combining power 57; Kahn test negative. 

Fluoroscopic examination and an X-ray film showed an irregular density 
over the upper part of the right upper lobe with suspicion of beginning 
cavity formation. These findings are consistent with pulmonary tuberculosis. 

During the entire stay in the hospital, the patient was afebrile with excep- 
tion of three days when his temperature reached the maximum of 100°F. 
The pulse fluctuated from 80 to 100; respirations from 12 to 20. 

The numbers on the left-hand side of chart 13 indicate: J: Clinical 
progress notes; 2: black column tuberculin reaction of which each square 
represents one plus; 3: Weltmann serum coagulation reaction; 4: sedimenta- 
tion rate; 5: carbon dioxide combining power of the blood; 6: blood pH. 
Circles with number on the chart represent different episodes described in the 
text. 

On admission to the hospital the Weltmann reaction was in tube 23 which 
is in the exudative zone ®. The sedimentation rate was rapid ®. At this 
time the carbon dioxide combining power was normal, but the pH was low 
on the acid side ®. He complained of a cough and a tight feeling in his chest. 
There was a slight improvement for a few days after that until December 10, 
1936. During this time the Weltmann reaction moved slightly toward the 
normal zone and the sedimentation reaction was diminished ®. The hydro- 
gen ion concentration was elevated and the carbon dioxide combining power 
dropped ®. Then on December 12, the patient complained of a dry cough 
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but the Weltmann reaction went to normal ®. The sedimentation rate 
dropped, and the hydrogen ion concentration of the blood approached the acid 
side ®. Then for several weeks after that the Weltmann reaction remained 
more or less uniform in tube 4 © which indicated a slight exudative reaction. 
The sedimentation rate fluctuated in the high zone © and the carbon dioxide 
combining power of the blood dropped, while there was a rise in the pH ©. . 
During this period the patient complained of coughing particularly at night, 
and some dyspnoea. The Weltmann reaction dropped to the zero tube ® 
indicating a marked exudative process, and at the same time the sedimenta- 
tion rate approached normal ©. The carbon dioxide combining power 
dropped considerably and the pH showed a slight rise ©. Clinically the pa- 
tient complained of severe chest pains, vomited food, and had chills and night 
sweats. At this time the Weltmann reaction correlated with the anatomical 
changes taking place in the patient, whereas the sedimentation reaction in- 
dicated improvement. During the interval between December 24 and Janu- 
ary 4, the patient showed a slight improvement, the Weltmann reaction re- 
turned to normal, and the sedimentation rate was slightly rapid. Then on 
January 4, 1937 the patient complained of marked dyspnoea and cough. 
X-ray examination showed that the cavity had enlarged and that there was 
infiltration in the lung. The Weltmann reaction was zero © and the sedi- 
mentation rate was slightly rapid. The carbon dioxidecombining power began 
to rise at this point, and the pH was slightly elevated. Then in the following 
few days the patient felt some slight improvement, the Weltmann reaction 
rose slightly but still remained in the exudative zone © while the sedimentation 
reaction returned to normal. At this time the pH dropped and the carbon 
dioxide combining power rose ©. He remained stationary for a short time 
during this period and on January 12 he complained of coughing paroxysms 
which lasted several days. At this time the Weltmann reaction dropped to 
the first tube which indicated a marked exudative change ©, and the sedi- 
mentation reaction approached the normal zone. The pH rose and the carbon 
dioxide combining power dropped ©. From January 20 to 24 the patient 
showed slight improvement and he gained one pound in weight. At this time 
the Weltmann reaction began to approach normal ©, and there was agree- 
ment in the sedimentation rate which was also normal ®. The carbon dioxide 
combining power went up to 63 and the pH was 7.48 ©. The patient de- 
veloped diarrhoea on January 24 and complained of poor appetite, nervousness 
and inability to sleep, which lasted for two days. At this point the Weltmann 
reaction dropped to the second tube ®, which indicated exudation, and there 
was a rise in the sedimentation rate ©. At this time the pH was elevated 
and the carbon dioxide combining power diminished ©. Then there was 
a gradual clinical improvement and the patient stated he felt better. The 
coughing was not so severe and he gained some weight. This lasted for about 
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two weeks, and later the patient complained of abdominal cramps. The Welt- 
mann reaction dropped in the exudative zone @ and the sedimentation fluc- 
tuated with rapid rates ®. Apparently there is no correlation between the 
sedimentation rate and the Weltmann reaction as compared with the clinical 
findings. 

For example, on February 9, the Weltmann reaction was in tube 2 and the 
sedimentation rate normal, and at this time the pH dropped and the carbon 
dioxide combining power diminished. On February 10 there was a slight 
improvement in the clinical status of the patient and the Weltmann reaction 
went up to tube 4 and there wasa sudden rise in thesedimentation reaction ®. 
The pH dropped and the carbon dioxide combining power went up ®. The 
X-ray film at this time showed the cavity somewhat smaller and infiltration 
of the lung diminished. On February 12 the patient complained of severe 
coughing in the morning and at this time the Weltmann reaction dropped to 
tube 3 @ and the sedimentation rate began to approach the normal zone. 
The pH and the carbon dioxide combining power were elevated @. For a 
week or so following this episode, the patient felt better and gained at one 
time three and one-half pounds in weight and the following week two and one- 
half pounds in weight. The Weltmann reaction rose toward the normal zone 
@. The sedimentation rate still remained rapid @, the pH dropped and the 
carbon dioxide combining power rose ®. Corresponding with fluctuations 
that occur in the Weltmann reaction are the peaks @, that are demonstrated 
in the blood pH. 

On February 24 and 25 the patient complained of a head cold, nasal dis- 
charge and sinusitis. The Weltmann reaction dropped to the 4th @ tube and 
the sedimentation rate was slightly rapid ® while the pH and carbon dioxide 
combining power were slightly elevated ®. For the following week the pa- 
tient gained two pounds in weight, stated that he felt better, and was improv- 
ing, although the rise in the coagulation band was very slight @, whereas the 
sedimentation rate approached the normal zone @. This improvement 
continued until March 9 when the Weltmann reaction was slightly above the 
normal zone @, and the patient had gained some in weight. The sedimenta- 
tion rate fluctuated from the normal to the abnormal zone @. The Welt- 
mann reaction remained constant. Then on March 11 the patient complained 
of pain and stiff joints. The Weltmann reaction suddenly dropped from the 
8th tube which is above the normal zone to the 5th which is in the exudative 
zone @. The sedimentation rate was almost normal. The carbon dioxide 
combining power rose and the pH dropped @. This lasted for almost a week 
during which time the patient lost one and one-half pounds in weight. The 
Weltmann reaction still remained in the exudative zone @, and the sedimenta- 
tion rate was slightly rapid @; the carbon dioxide combining power dropped, 
and the pH went up @. From about March 15 to 24, the clinical condition 
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Patient H.G., thirty-eight year old white male. 
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showed some signs of improvement, and although the patient gained three and 
one-half pounds in weight during this time the Weltmann reaction was within 
the normal zone, the sedimentation rate was rapid, the pH fluctuated to the 
lower ranges and the carbon dioxide combining power rose. On March 25 
the patient insisted upon returning home and we were unable to follow the 
patient from this time on. 

In chart 13 the tuberculin skin tests are indicated by the black column 2, 
each square representing a plus mark indicating the degree of reaction. In 
chart 13 and in the previous chart 12, the more extensive tuberculin skin 
reactions almost parallel the Weltmann coagulation band. Here, too, as the 
Weltmann reaction is in the exudative zone, the degree of the tuberculin skin 
reaction is more extensive. In this chart as in the preceding one, there is not 
at all times a correlation between the tuberculin reaction and the sedimenta- 
tion rate, as there is between the tuberculin skin tests and the Weltmann 
reaction. 


Observations on Patient F. S. 


A 51 year old, Mexican male was admitted to the Research and Educational 
Hospital, November 7, 1935, complaining of severe colds-every winter lasting 
about ten days. In May, 1934 he developed pain in the right chest which 
was aggravated on deep breathing, and fever. He was diagnosed as pneu- 
monia at that time. For the following four months he had a cough and pain 
in the chest, and he became progressively weaker, and began to lose weight. 
In October, 1934, his condition was diagnosed as tuberculosis. 

He was kept in bed for 4 months, and during this time the temperature 
was elevated to 103°F. On September 17, 1935 he had haemoptysis, followed 
by blood-streaked sputum which lasted for almost eight hours. At the time 
of admission to our institution he complained of pleurisy and a productive 
cough. 

He had an attack of catarrhal jaundice which was characterized by nausea 
and vomiting, jaundice of the skin and the sclera. This lasted 5 to 6 weeks. 
He had “rheumatism of the legs” at the age of 7 years; also gonorrhoea 30 
years ago. ; 

Father and mother are dead, age and cause unknown. He had no knowl- 
edge of whereabouts of brother and sister, but believed there was no history 
of tuberculosis or contact tuberculosis in his family. 

The patient was a moderately emaciated Mexican male with prominent 
ribs. There was impairment of the percussion note on the right posterior 
chest-wall with increased tactile fremitus and increased transmission of spoken 
and whispered voice in this region. In the right supraclavicular region, the 
percussion note was hyperresonant, with amphoric breathing and whispered 
pectoriloquy and rales in this region. The left chest-wall was essentially 
normal. 
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Examination of the abdominal organs was essentially negative except for a 
reducible right indirect inguinal hernia. Blood pressure was 106/98, pulse 90. 
Examination of the skin, reflexes and the extremities was essentially negative. 

Impression: Pulmonary tuberculosis with cavities at right apex and infiltra- 
tion of right upper and lower lobes. Indirect inguinal hernia. The subsequent 
clinical progress of this patient is recorded under clinical notes on chart 14. 

Laboratory findings: Kahn 3 plus; Wassermann, anticomplimentary. 
Urine negative. Blood: 4,700,000 erythrocytes; 15,000 leucocytes. Sputum 
always positive for tubercle bacilli. Temperature fluctuated from subnormal 
to 101°F. Pulse 80 to 120. 

Fluoroscopic examination and a film showed numerous infiltrations in the 
right lung and left lower lobe, markedly dense over right upper lobe with a 
localized radiolucent shadow within it. The right diaphragm showed evi- 
dences of adhesions. These findings are consistent with pulmonary tubercu- 
losis with cavitation and pleural complications. 

The patient died August 10, 1936. Autopsy findings: (1) chronic fibro- 
ulcerative caseous pulmonary tuberculosis; (2) dense bilateral pleural adhe- 
sions; (3) brown atrophy of the myocardium; (4) tuberculosis of tracheobron- 
chial, celiac and mesenteric lymph nodes; (5) atrophy of the liver; (6) moderate 
atherosclerosis of the aorta and coronary arteries; and (7) emaciation. 

The numbers in the right side of chart 14 denote: /: Clinical progress 
notes; 2: cholesterol; 3: carbon dioxide combining power of the blood; 4: 
blood pH; 5: Weltmann serum coagulation reaction. The circles with num- 
bers on the chart represent different episodes described in the text. 

On admission, in November, 1935, the patient complained of a cough and 
weakness with dyspnoea. During this time the cholesterol dropped from 188 
to 144 mgm. @. There was an elevation in the carbon dioxide combining 
power and a drop in the pH The Weltmann reaction at this time was in 
the exudative zone @, in fact the coagulation band persisted in this slight 
shift to the left for the remainder of November, 1935 and the first part of 
December, 1935. 

A second episode occurred when the pH dropped to 7.46 @ and the carbon 
dioxide combining power rose to 58, the cholesterol was 150 mgm. ®. The 
patient still complained of cough and weakness. There was a correlation of 
the blood pH with the Weltmann reaction ® during the month of December, 
1935. The swing of the pH was opposite to that of the Weltmann reaction. 
This factor we shall point out in chart 15, when we compare on a larger scale 
the blood pH with the Weltmann reaction. 

A third striking episode occurred in January, 1936. The patient com- 
plained of a severe cough and the cholesterol dropped from a high level of 174 
to the low level of 134 mgm. @. The fluctuations of the carbon dioxide com- 
bining power almost mirrored the swing of the cholesterol, whereas the blood 
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pH @ and the Weltmann reaction simulated one another insofar as the Welt- 
mann reaction reflected the opposite swing of the blood pH @. There was a 
slight improvement in the clinical condition of the patient for the most part 
of February, 1936, although the patient complained of chest pains and dys- 
pnoea. There was a slight elevation in the blood cholesterol © and the car- 
bon dioxide combining power, but the pH dropped © while the coagulation 
band was within the normal zone ©. In March, 1936 there was an exaggera- 
tion of the symptoms complained of by the patient in the previous months, 
and between the time of his chest and abdominal pains and the periods of 
remission of these complications, the cholesterol level swung from a normal 
range to a low level @, while the carbon dioxide combining power remained 
elevated ©. There was a fluctuation in the blood hydrogen ion concentration 
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Cart 15. Comparison of the blood pH and the Weltmann reaction. Patient FP. S. 
With a rise in the pH the coagulation band decreases and with a drop in the pH the coagula- 
tion band increases. 


from a low to a high level during this time, with a corresponding fluctuation 
of the Weltmann reaction from the normal to the exudative zones ©. In 
April the symptoms became more aggravated, the dyspnoea and the chest 
pains were more intense, the cough more troublesome, and the patient com- 
plained of precordial pain. This was manifested by a fluctuation of the choles- 
terol from. the normal to the low level ©. The carbon dioxide combining 
power remained elevated. The blood pH went from the acid to the alkaline 
zone ©. The coagulation band remained in the exudative side ©. Then in 
May, 1936 there was a continuation of the findings as described in the previous 
months in a degree which was more pronounced, the blood cholesterol dropped 
to a lower level @, there was a rise in the carbon dioxide combining power and 
a marked elevation of the blood pH to the alkaline zone @, with a sudden 
drop to the acid side. The Weltmann curve went to the exudative zone when 
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there was an elevation of the pH. As the pH dropped to the acid side the 
Weltmann reaction approached a normal level @. It dropped again to the 
exudative zone shortly before the patient expired. 


COMPARISON OF THE BLOOD pH WITH THE WELTMANN REACTION 


Chart 15 is an enlargement of the portion of chart 14 that concerns 
itself with the hydrogen ion concentration of the blood and the Welt- 
mann serum coagulation reaction. It is obvious from this chart that, 
as the blood pH goes down toward the acid side, the Weltmann coagula- 
tion band is elevated to the right, the productive zone. Conversely, 
when the blood pH swings toward the alkaline side, the coagulation 
band drops toward the exudative zone. These swings in the opposite 
direction of the blood pH and the Weltmann reaction are indicated on 
the chart by arrows. There is no relationship between these reactions 
on the basis of the explanation of their mechanisms. Certainly the 
blood pH does not directly affect the serum coagulation reaction. How- 
ever, the biochemical test does show this interesting correlation. This 
is not only noticed in chart 15 but in charts 12, 13 and 14 where the com- 
parative studies include blood pH and the Weltmann reaction. 


DISCUSSION 


It is the concensus of the European investigators who have worked 
with the Weltmann serum coagulation reaction in tuberculosis that this 
test is an extremely valuable aid in the diagnosis and prognosis of this 
disease. Weltmann in his first report had indicated that this reaction 
is one that distinguishes exudative inflammatory reactions from fibrotic 
changes. He believed that the blood in these conditions reflects the 
anatomical changes that take place in the body. There is no doubt 
that this opinion of Weltmann is correct, because it has been corroborated 
by investigators not only in the field of tuberculosis, but in practically 
all diseases which have been studied. For example, Makitra and Tyndel 
(5) have determined the Weltmann reaction in 200 patients with tuber- 
culosis and their results indicated that in incipient cases of exudative 
tuberculosis the coagulation band gave more reliable diagnostic results 
than did the sedimentation speed of the erythrocytes. These authors 
believed that in chronic tuberculosis the Weltmann reaction has prog- 
nostic value. 

We have compared the sedimentation rate with the Weltmann reaction 
because the former has been used very extensively, particularly in tuber- 
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culosis as a diagnostic aid as well as a prognostic guide. The sedimenta- 
tion rate responds readily to the slightest alterations that occur in the 
body and is less stable than the Weltmann reaction. Although the 
exact mechanism of this test is not known, the fact remains that a 
rapid sedimentation rate occurs not only in destructive changes in the 
organs, but also in diseases associated with repair, and in certain physio- . 
logical conditions. For example,in normal pregnancy, the sedimentation 
rate is more rapid than normal, but the Weltmann reaction gives a nor- 
mal reading. Also in diseases associated with inflammatory changes, 
such as acute rheumatic polyarthritis, the sedimentation rate is rapid, 
and the Weltmann reaction gives a shift to the left. This may be con- 
trasted with disease conditions associated with fibrosis, such as lympho- 
granuloma inguinale. This latter condition gives a rapid sedimentation 
rate, but the Weltmann reaction is usually normal or to the right and is 
indicative of fibrotic changes. Therefore, if one is to follow the sedimen- 
tation reaction alone, one cannot definitely determine by this test if the 
fluctuation that occurs in the speed of sedimentation of the erythrocytes 
indicates exudative, destructive, inflammatory or reparative changes. 
Jores and Strutz (6) have shown that the sedimentation rate has a 
rhythmic diurnal variation. They observed that in normal individuals 
the sedimentation rate may fluctuate within the 24-hour period from 
normal to abnormal values. The same holds true for studies made in 
disease conditions. In further studies, these authors found that the 
examination of different patients on the same day resulted in similar 
curves, whereas the examination of the same patients on different days 
resulted in different curves. These investigators believed that the sedi- 
mentation value must be interpreted cautiously for the reason that in 
normal individuals one may at certain times obtain abnormal results. 
When the blood is examined in the morning the sedimentation rate is 
rapid, and, when repeated again in the evening on the same patient, a 
normal result may be obtained. These differences that are found in the 
sedimentation rate do not occur in the Weltmann test. 

It makes little difference if the blood is drawn in the morning or in the 
evening on the same patient as far as the serum coagulation reaction is 
concerned, because the amount of the precipitation is not as unstable as 
the speed of sedimentation of erythrocytes. We have examined normal 
as well as diseased subjects, making several tests each day on the same 
individuals, and the Weltmann reaction is the same if the clinical con- 
dition is stable in these cases. 
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Voigtlander (7) in his studies on 400 patients in a tuberculosis sanator- 
ium believed that the Weltmann serum coagulation reaction is helpful 
in the diagnosis and prognosis of tuberculosis. He stated that this 
reaction enables the clinician to arrive at a decision as to whether the 
tuberculous process is of the exudative or of the fibrotic type. This 
investigator, as well as Weltmann, has compared the serum coagulation 
band of patients with febrile processes and with those who had arti- 
ficially induced fever. Voigtlander showed that when fever was arti- 
ficially induced the coagulation band was normal; whereas, in febrile con- 
ditions, if the coagulation band gave a shift to the left it indicated an 
inflammatory change, such as an exudation that occurs in pulmonary 
tuberculosis, pleurisy with effusion, or a suppurative process. This 
factor is important because in attempting to determine the nature of a 
febrile condition, if the Weltmann coagulation band gives a normal re- 
action or a shift to the right, an exudative process is ruled out. 
Voigtlander in his report indicated that the coagulation band shows 
no deviation to the left without an inflammatory or an exudative 
process, and that the degree of deviation runs parallel with the sever- 
ity of the process. One may therefore use the Weltmann reaction as a 
quantitative means of determining the degree of anatomical changes 
that occur. As the inflammatory process improves the coagulation 
band returns to normal. Then as repair takes place with deposit of 
fibrous tissue, the Weltmann reaction gives a deviation to the right. 
This is seen in conditions such as cirrhosis of the liver, as well as in fibrotic 
forms of tuberculosis. In this manner one might establish an index as 
to tissue damage and tissue repair using the Weltmann serum coagula- 
tion reaction as a reflection of the anatomical changes occurring in the 
body. This is true providing only one or the other change takes place. 
It is well known that in a tuberculous patient inflammatory processes 
and cavity formation with exudative changes may occur, while at the 
same time fibrous tissue reaction takes place in the same lung or in the 
other lung. In other words, pulmonary disorders in which exudative 
and fibrotic processes concur cannot always be clarified by the Weltmann 
reaction. Here, the Weltmann coagulation band will approach the nor- 
mal, because the two opposite reactions, exudative and fibrotic, take 
place. This can be demonstrated by taking the blood from a pneumonia 
patient which gives a zero Weltmann reaction and mixing it in a test 
tube with the blood of a patient with cirrhosis of the liver which gives a 
coagulation band of 8 or 9. This will result in a coagulation band of 3 
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or 4. Hence, if exudative and fibrotic changes occur in the patient at 
the same time, a similar reaction will be obtained as was just mentioned. 

Dissmann (8) performed the Weltmann reaction on 274 tuberculous 
patients and compared it with results obtained in nonspecific pulmonary 
diseases, and in normal persons. He observed a shortening of the co- 
agulation band in nearly all cases of exudative inflammatory distur- - 
bances, and the extent of the shortening usually corresponded to the 
severity of the inflammation. Fibrocaseous tuberculosis during the 
interval of disease and fibroulcerative tuberculosis frequently gave a 
normal coagulation band. A shift to the right of the coagulation band 
was noticed almost exclusively in purely productive tuberculosis, in 
the closed cavity and healing types of tuberculosis. The author be- 
lieved that the sedimentation rate and the coagulation band did not 
always run parallel. He was of the opinion that the Weltmann serum 
coagulation band is of more value for the estimation of the inflammatory 
process than is the sedimentation rate. 

Other investigators, such as Nizegorodcew (9) who examined 150 cases 
of tuberculosis with the Weltmann reaction, report similar findings. 
Alonso (10) compared the Weltmann reaction with the sedimentation 
reaction and the leucocyte count, and believed that all three tests are 
good prognostic aids. Barsotelli and Poggioni (11) studied the Welt- 
mann reaction in 34 patients who were treated by artificial pneumo- 
thorax. Of this number, 6 received bilateral pneumothorax. They con- 
cluded that when the Weltmann reaction gave a shift to the right it 
paralleled the clinical improvement of the patient, whereas, when the 
coagulation band gave a shift to the left it was accompanied by com- 
plications in the pleural cavity. Their conclusions were that the 
Weltmann reaction parallels the clinical course of the condition. 

Concerning the rédle of the Takata-Ara reaction in tuberculosis, 
Schneiderbaur (12) is of the opinion that this reaction does not act as a 
guide to the activity in pulmonary tuberculosis, and that the Weltmann 
reaction is a more reliable index. Friedmann (13) is of the opinion that 
the Weltmann reaction is of definite value in establishing the pathologi- 
cal anatomical changes as well as a prognostic index in pulmonary tuber- 
culosis. Scherleitner (14) analyzed 134 cases and indicated the value of 
the Weltmann reaction in distinguishing exudative from productive proc- 
esses. In her report she concluded that when a shortening of the co- 
agulation band was obtained the prognosis in tuberculosis was poor, as 
compared with a prolonged coagulation band or a shift to the right, in 
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which the prognosis was more favorable. In tuberculous meningitis, 
and in miliary tuberculosis, the coagulation band gave an extreme shift 
to the left; in bone tuberculosis the coagulation band was to the right. 


ANALYSIS OF OUR CASES 


The observations made on the cases we have reported substantiate 
the results of the investigators quoted above. In chart 2 we have re- 
corded the sedimentation rate and the Weltmann reaction in a group of 
patients with far advanced pulmonary tuberculosis. A perusal of the 
chart shows that most of the cases gave a rapid sedimentation rate. 
The Weltmann reaction went from the extreme degree of exudation as 
manifested in the extreme shift to the left, to a shift to the right in which 
group the patients showed clinical improvement. These far advanced 
cases varied from those that showed exudative and anatomical changes 
with cavity formation to those that had fibroulcerative tuberculosis 
with clinical improvement. In the group of cases that were very sick, 
and those that died, there often was an agreement between the two reac- 
tions: the sedimentation reaction was rapid, and the Weltmann reaction 
gave an extreme shift to the left in the exudative zone. In the group of 
far advanced cases that improved and some that were discharged from 
the institution as arrested cases, the Weltmann reaction gave a shift to 
the right which indicated fibroid changes, but the sedimentation reac- 
tion still remained rapid. 

In chart 3 we have compared the moderately advanced cases of tuber- 
culosis with the sedimentation rate and the Weltmann reaction. The 
same analysis holds true for this group of cases as was mentioned above 
for the group of far advanced cases. Here too, there was no correlation 
between the sedimentation rate and the Weltmann reaction. 

All of the patients who were clinically diagnosed incipient pulmonary 
tuberculosis were ultimately released from the institution as improved 
healed cases. This group is represented in chart 4. All of the patients 
gave a negative sputum, the Weltmann reaction was normal, and some 
gave a shift to the right; whereas the sedimentation rate was rapid. 

In our three main groups of tuberculosis we found no correlation be- 
tween the sedimentation rate and the Weltmann reaction. Neither 
could we rely entirely on the sedimentation rate as an index of the prog- 
nosis in tuberculosis. The Weltmann reaction, however, is more of a 
guide in the prognosis of tuberculosis. 

In chart 5 (V.W.) the patient had a primary tuberculous infection and 
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improved rapidly. This was reflected in the Weltmann reaction which 
at first gave a shift to the left, and later made a rapid rise to normal. The 
coagulation band then shifted to the right which was accompanied by a 
clinical improvement made by the patient. The sedimentation reaction 
was rapid throughout the entire course. The patient was discharged 
from the hospital as an arrested case of pulmonary tuberculosis. In 
this patient there was an agreement between the clinical course and the 
Weltmann reaction, and no correlation with the sedimentation rate. 

Chart 6 (J.) is an example of agreement between the sedimentation 
rate and the Weltmann reaction, for this patient was admitted to the 
hospital with a bronchogenic dissemination of a pulmonary lesion which 
ultimately led to death in about six weeks’ time. 

In chart 8 (A.T.) the patient’s condition was not of a serious na- 
ture and the Weltmann reaction gave a shift to the right during this 
time. The patient’s temperature was normal and he showed clinical 
improvement. At this time the sedimentation reaction was rapid, but 
toward the end of March the patient’s temperature began to rise, 
and he developed a cough. The sedimentation rate approached normal 
and the Weltmann reaction went more toward the exudative zone. In 
this example, if one were to depend upon the sedimentation reaction, 
one would be led to believe the patient was improving clinically. This 
was not the case; the Weltmann reaction was in the exudative zone and 
paralleled more the clinical course of the disease. 

In chart 9 (W.W.) we presented the clinical course of a patient who 
showed a Weltmann reaction in the exudative zone. The sedimentation 
reaction although slightly rapid became normal and toward the end of 
March the sedimentation reaction rose rapidly and the Weltmann reac- 
tion again returned to the exudative zone. 

Both patients, A.T. and W.W., were transferred to the tuberculosis 
sanatorium, and an examination of their charts indicates the rapid rise 
and fall of the sedimentation rate from the normal to the abnormal zones. 
The Weltmann reaction shows a slight rise to the normal zone and cor- 
relates the clinical picture more so than does the sedimentation rate. 


MECHANISM OF THE WELTMANN REACTION 


As to the mechanism of the Weltmann serum coagulation reaction, 
very little is known. The same may be said about the chemistry of the 
changes.occurring in the heat coagulation of protein. However, several 
factors may play a réle. One must take into consideration the nature 
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and amount of the protein in various disease conditions, the hydrogen 
ion concentrations, and the electrolytic content of the surrounding med- 
ium. Each protein has its optimum pH and electrolytic threshold. 
We (15) have shown in a previous publication that the hydrogen ion 
concentration of the solutions used in the Weltmann reaction plays no 
réle in the mechanism of the coagulation band. In chart 15 we have 
compared the blood pH with the Weltmann reaction and it is apparent 
that some correlation exists, but no direct relationship. When the test 
was repeated daily over a period of many months, the patient’s blood 
pH was within normal range, but the fluctuations of the hydrogen ion 
concentration seemed to have their reflection in the Weltmann coagu- 
lation band. This means that, when the two tests are repeated daily 
over a prolonged period of time and the blood pH drops toward the 
acid side, the Weltmann reaction usually is elevated or to the right; 
conversely, when the blood pH goes up toward the alkaline side, the 
Weltmann reaction goes down or gives a shift to the left. The reason 
for this phenomenon is difficult to explain. We believe that the blood 
pH in no way affects the degree of the coagulation band, but both 
reflect the underlying changes. 

Just what réle is played by the electrolytes of the serum in the mech- 
anism of the Weltmann reaction is difficult to estimate. 

Kretz and Kudlac (16) found that the calcium and chloride content 
of the serum had no effect on the coagulation band. 

Several investigators have claimed that the serum proteins have an 
effect on the coagulation band, and that in such conditions where the 
globulin fraction is increased, and the albumin fraction is decreased, or 
when there is an inversed albumin-globulin ratio, the Weltmann reac- 
tion goes toward the left. It is believed by these investigators that there 
must be some correlation between the inversed albumin-globulin ratio 
and the length of the serum coagulation band. Our results (15) com- 
paring the albumin-globulin ratio and the serum coagulation band do 
not agree with the observations of Massobrio and de Michelis (17) who 
have done work along similar lines. We have obtained as many Welt- 
mann reactions with a shift to right or left, when the albumin-globulin 
ratio was normal or reversed. 

The fact remains that with an exudative process such as a nephrotic 
syndrome, where the coagulation band is to the left in the exudative 
zone, the albumin-globulin ratio is reversed. In cirrhosis of the liver 
the coagulation band is to the right, or in the fibrotic zone, and here too 
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in some cases the albumin-globulin ratio is reversed. Our conclusion, 
therefore, is that there is no essential relationship between the total 
serum protein, the albumin, globulin and the albumin-globulin ratio with 
the Weltmann reaction. 


CONCLUSION 


The Weltmann serum coagulation test is of importance in distinguish- 
ing between exudative and productive changes. The technique is 
simple, and the method is described in the text. In general, acute in- 
flammatory and exudative conditions give a shortened coagulation band 
or a shift to the left. In chronic diseases, characterized by fibrotic 
changes, in the healing stage of acute infection, and in parenchymal 
liver damage, the coagulation band tends to be lengthened, or results 
in a shift to the right. The coagulation band does not always parallel 
the sedimentation rate. In tuberculosis the Weltmann coagulation 
test is of importance because it can be used as a guide in the course of 
and in the prognosis of the disease. It reflects tissue changes that occur 
in the body. Exudative changes in tuberculosis are manifested by a 
shortening of the coagulation band, while fibrotic changes are accom- 
panied by a prolonged coagulation band. When exudative and fibrotic 
changes occur in the lung at the same time, as happens frequently in 
tuberculosis, the Weltmann reaction may not be of great assistance. 
The two divergent processes occurring at the same time result in the 
coagulation band striking the normal zone. In miliary tuberculosis, 
peritoneal tuberculosis, and in meningeal tuberculosis, the Weltmann 
reaction gives a shortening of the coagulation band in the exudative zone. 
Isolated bone tuberculosis is accompanied by a normal or prolonged 
coagulation band and is reflected in the fibrotic zone. There is a cor- 
relation between the blood pH and the Weltmann reaction, but we 
believe that both of these changes may be directly related to the under- 
lying process. We have applied the Weltmann test not only to tuber- 
culosis in the minimal, moderately advanced and far advanced stages, 
but also to the complications that occur in pulmonary disease. We 
have also employed the Weltmann reaction, and compared it with the 
sedimentation rate, in several examples of various types of tuberculosis 
over a prolonged period of time. The results are charted in the text. 
Although we are unable at the present to explain the mechanism of the 
Weltmann serum coagulation reaction, we believe that this test is of 
importance in the diagnosis and prognosis of disease, particularly in 
tuberculosis. 


WELTMANN COAGULATION REACTION 
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INTRACUTANEOUS REACTIONS AGAINST ANTISERUM 
IN TUBERCULOSIS 


H. J. CORPER! anp C. B. VIDAL! 


The recognition of the existence of a specific immunity in tuberculosis 
has led to numerous efforts to analyze the phenomenon and to translate 
this information into elemental tests that might be rapid of performance 
and yield practical information. 

The search for significant and consistent antibodies in the blood of 
tuberculous individuals against the so called toxic substances of the 
tubercle bacilli has not yielded proof of the production of true toxins or 
the presence of humoral antibodies against such toxins, at least to the 
extent of being of practical significance. 

About a decade ago, encouraging observations were recorded (1) on 
the existence of a filtrable labile toxin produced by the tubercle bacillus 
which gave rise to definite skin reactions in tuberculous patients and 
guinea pigs. The toxin could be inactivated at a temperature of 70° 
to 73°C. for one hour. Intraperitoneal injection of small amounts of 
this toxin filtrate in tuberculous guinea pigs caused typical toxic symp- 
toms. Immune or antitoxic sheep serum was produced by repeated in- 
jections of filtrable toxin element of the tubercle bacillus. Such serum 
neutralized the demonstrable skin reaction caused by the toxin, whereas 
normal sheep or rabbit serum failed to accomplish this. The intraperi- 
toneal reactions of toxin filtrate in the tuberculous animal were also 
prevented by immune serum but not by normal serum. From experi- 
ments (2) in normal and tuberculous guinea pigs, using an immune goat 
serum prepared by the intracutaneous injections of toxic filtrates over a 
period of two years, it was concluded that the reactions obtained with 
toxic filtrates were unlike those of tuberculin. The immune goat serum 
contained antibodies that were demonstrable in the skin by passive 
transfer to the tuberculous animal; immune goat serum neutralized toxic 
filtrates in varying proportions; and, when such proportions of material 
permitted, a simultaneous reaction of passively transferred local allergy 
occurred. In the normal guinea pig, these phenomena were not ob- 


1 Research Department, National Jewish Hospital at Denver, Colorado. 
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served; filtrates prepared from focal tuberculous tissues were inactive. 
Toxic filtrates of tubercle cultures appeared to contain antigenic and 
allergenic substances. Filtrates prepared from emulsions of local tu- 
bercles in the skin of infected guinea pigs did not cause local and general 
reactions. 

In 1932, there appeared, as an accurate and earlier diagnosis for tular- 
aemia, a new intracutaneous reaction (3) in which chemically detoxicated 
bacilli were used. The intracutaneous test was found to be the earliest 
diagnostic aid for tularaemia, occurring earlier than the agglutinins. 

In continuation of the foregoing, a new intracutaneous antiserum test 
was presented (4) in 1935 which was considered a specific response to 
bacterial material independent of serum sensitization. A close study 
revealed two entirely different reactions to the intracutaneous injection 
of specific antiserums in certain infections. One was the well under- 
stood serum protein reaction (of allergy or anaphylaxis); and the other, 
an erythematous-oedematous reaction, characterized by simple ery- 
thema with central oedema and complete absence of urticaria, is a 
specific response to bacterial products wholly unrelated to serum sen- 
sitization. The latter reaction usually appears promptly, within 2 to 4 
minutes, is maximal in 20 to 25 minutes, and often is intensified after 
about 6 hours. No constitutional symptoms accompany the local reac- 
tions. The reaction is seen only when a patient with a given bacterial 
infection is tested with an antiserum specific for that infection. Usually 
all skin tests are made with serums diluted 1:10. It is specific in tular- 
aemia, brucellosis, lymphogranuloma inguinale, streptococcus infections, 
gonococcus infections, staphylococcus infections, typhoid fever and 
tuberculosis. How extensive the experience had been in tuberculosis 
was not noted in this paper nor have animal experiments been found in 
the literature bearing-on this reaction. Its relation to the tuberculin 
reaction was also undisclosed, except that it may be inferred that the 
tuberculin reaction probably resembles specific protein reactions, and 
it may have been considered as such. 

The experiments to be recorded here for their value in elucidating 
the specific and immune reactions occurring in tuberculosis were in- 
spired by the foregoing observations. These experiments were per- 
formed on guinea pigs, rabbits, dogs and human beings. 

In pursuing such experiments, it may be well to recognize certain ob- 
vious facts, the pitfalls of which must be avoided in any interpretation 
of results of certain tests. Outstanding among these is the allergic or 
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anaphylactic hypersensitive reaction. The essential features of this 
reaction are now fairly well understood; and it is not our purpose to try 
to interpret the similarities or differences between anaphylaxis and 
allergy but rather to accept the broader interpretation of their being 
identical as has been done by Vaughan (5) in 1936. Vaughan points out 
that there is no fundamental difference between clinical allergy and ex- 
perimental anaphylaxis, that the allergic response is not limited to pro- 
tein but may be elicited by a large variety of nonprotein substances, and 
that the response of the allergic person differs from the nonallergic in 
degree and not in kind. “Allergy is not a pathologic state. It is a 
pathologic exaggeration of a normal physiologic response.” 

The reaction to a foreign organic material can occur in response to the 
body fluids and tissues of closely related species of animals, and yet rarely 
does it occur in response to tissues or fluids transferred from the same 
animal or animal species. In extensive preliminary animal experiments, 
we endeavored to elucidate general anaphylactic reactions by injecting 
guinea-pig tissues and blood intravenously into guinea pigs and then 
giving a second intravenous injection (also by other routes) of ground 
tissues or filtrates from these tissues or the clear fluid from such tissues 
one to two months later. In no case were we able to elicit a response 
resembling anaphylaxis or allergy. However, the use of tissues, blood 
or serum from another animal species, upon second injection, after two 
weeks to two months, readily elicited the reactions well known as charac- 
teristic of anaphylaxis. The same results were obtained in the rabbit 
and the dog. 

Another reaction pertinent to specific antiserum reactions is that oc- 
curring quite strikingly, especially in the human being, even on the first 
injection of certain foreign sera. This will be mentioned more fully in 
the control results in the following tests on human beings tested with 
normal goat serum. With the recognition of the possible sources of 
error in performing specific intracutaneous antiserum reactions, it was 
decided at first to perform all tests with sera from the same animal species 
in order to eliminate as far as possible the source of error due to the use 
of sera from other species. 

Experiments on guinea pigs: In order to obtain serums appropriate 
for testing the presence of intracutaneous antiserum reactions, a series 
of guinea pigs designated as donors was given injections of avirulent and 
virulent human tubercle bacilli in appropriate amounts and by various 
routes. The avirulent human tubercle bacilli were injected in amounts 
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(about 1 to 10 mgm.) exceeding that necessary to produce a definite 
specific immunity against an appropriate virulent infection (about 
0.000,01 mgm.). The virulent human tubercle bacilli were used in 
amounts (0.000,001 to 0.001 mgm.) producing a generalized disease in 
about two to four months and consistent with the development of anti- 
bodies, yet incapable of producing an overwhelming generalized disease. 
Thus, the serum obtained from these animals probably would not con- 
tain excessive amounts of tuberculin-like substances, and the normal 
reactivity of the animal probably would not be lowered to a nonreacting 
level of terminal or acutely lethal disease. Serum was obtained from 
the donors at different intervals up to six months after injection, and 0.1 
cc. of these sera was injected intracutaneously into the recipient guinea 
pigs in full strength and in dilution of 1:10 (1:100 in preliminary experi- 
ments) using every precaution to give uniform injections and to make 
possible adequate comparison with the normal serum controls which 
were injected intracutaneously in the same manner. 

The avirulent human tubercle bacilli used in these experiments were 
incapable of producing macroscopical tuberculosis when given intra- 
venously to guinea pigs in fine suspension in amounts of 1 to 10 mgm. 
while the virulent bacilli produced a generalized disease in guinea pigs 
within three months when given intravenously in fine suspension in as 
small a dose as 0.000,000,01 mgm. (6). The recipient guinea pigs used 
for intracutaneous testing consisted of four groups of animals: normal 
control guinea pigs, guinea pigs which had received an intravenous in- 
jection of 1 or 10 mgm. of avirulent human tubercle bacilli, guinea pigs 
which had received an intravenous injection of about 0.01 mgm. of aviru- 
lent human tubercle bacilli, guinea pigs which had been infected sub- 
cutaneously with 0.001 mgm. of virulent human tubercle bacilli (strain 
127), and guinea pigs infected subcutaneously with 0.000,001 mgm. of 
virulent human tubercle bacilli (strain 127). Although some of the 
guinea pigs receiving the larger amount (0.001 mgm.) of the virulent 
human tubercle bacilli succumbed to the infection before the termination 
of the tests, those given the smaller amounts (0.000,001 mgm.) survived 
for the final tests at the six-months interval. 

It is unnecessary to present the detailed experimental results since no 
evidence was obtained of the existence of an intracutaneous specific 
reaction against tuberculosis antiserum in the guinea pig. Reactions 
were never noted although the animals were carefully observed for 
the first six to eight hours after intracutaneous injection and regardless 
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of whether avirulent or virulent human tubercle bacilli had been in- 
jected into the donors or recipients. 

Repeated injections of avirulent human tubercle bacilli subcutaneously 
or intravenously, consistent with maintaining the guinea pigs in good 
physical condition, also failed to produce substances in the serum which 
would elicit any type of intracutaneous reactions in the recipients in- 
jected with avirulent or virulent human tubercle bacilli. 

Experiments on rabbits and dogs: The experiments performed on rab- 
bits and dogs were similar to those outlined above with the exception 
that these animals tolerated much larger injections of both avirulent 
and virulent human tubercle bacilli. The dogs particularly could be 
given repeated injections extending over longer periods of time, in some 
cases exceeding one year. 

In spite of the prolongation of these experiments as compared with 
those in the guinea pigs, no evidence was obtained in these animals for 
the existence of specific antiserum reactions in tuberculosis following 
intracutaneous testing with the sera obtained from dogs or rabbits which 
had been given either single or repeated injections of fine suspensions of 
virulent or avirulent human tubercle bacilli. In dogs, profound lethal 
infections from large amounts of virulent human tubercle bacilli also 
failed to disclose any specific reactions in the tests whether these dogs 
were used as recipients or donors. 

We did not use chemically detoxicated tubercle bacilli in our experi- 
ments because we felt that it would prove fruitless to pursue this phase 
further since evidence was lacking to encourage elaboration upon the 
various experiments performed with avirulent and virulent human tu- 
bercle bacilli, and especially after trying various animal species. How- 
ever, since the reactions obtained by others were obtained mainly in 
human beings and with antisera from animals such as the goat, we 
thought that possibly certain animal species might react differently from 
human beings. The attempts to prepare sera giving specific antiserum 
reactions in tuberculosis made it seem advisable to obtain a suitable anti- 
serum which had given reactions in the hands of other investigators. 
The serum supplied was prepared in a goat that had received repeated 
injections of so called detoxicated tubercle bacilli, the injections extend- 
ing over several years. For control comparison, we used serum from a 
normal goat. 

Tests with a specific tuberculosis antiserum in human beings: The normal 
goat serum and antiserum were injected full strength and in a 1:10 
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dilution in the forearm of the subject. The human subjects were all 
adults and included normal and tuberculous individuals. They were 
previously tested for tuberculin hypersensitiveness, using the standard 
P.P.D. of Long and Seibert and prepared by Parke, Davis & Company. 
Among the five human subjects chosen for the tests, two were normal 
nontuberculous individuals, negative to the large test dose of P.P.D.; a 
third was positive to the large dose but not to the small dose of P.P.D.— 
he had an arrested moderately advanced pulmonary tuberculosis 
without bacilliferous sputum; while the last two subjects gave a positive 
reaction to the first dose of P.P.D. and had advanced active pulmonary 
tuberculosis of many years standing, one of these cases being treated with 
artificial pneumothorax. Such transient intracutaneous reactions as 
occurred during the first twenty-four hours in all these five human 
subjects, with both the normal and the tuberculosis antiserum from the 
goat, could be considered traumatic. There was no appreciable differ- 
ence between the reaction to the full strength serum and the 1:10 
dilution. The reaction to the fresh normal goat serum, however, was 
slightly more pronounced than that to the antiserum. This was at- 
tributed in part to the possible differences in the ages of the sera and 
their modes of preparation. No difference was noted in the reactions of 
the tuberculous subjects and those of the tuberculin-negative normal 
subjects. However, within a variable period of three days to two weeks, 
and varying in intensity for the individual subjects, a nonspecific reac- 
tion to goat serum was noted. The skin at the site of the intracutaneous 
injections became extremely sensitive to slight irritation and in some 
cases itched intensely (pruritus), more so in the area where full strength 
serum was injected. At a later period, surface desquamation occurred 
in some cases, and that reaction persisted for several days to a week with 
final compiete subsidence. There was noted, however, in this reaction 
no specificity in regard to tuberculosis, since the reaction to goat serum 
occurred alike in normal tuberculin-negative subjects and in tuberculous 
tuberculin-positive advanced cases of pulmonary tuberculosis. 


CONCLUSIONS 


Although it is conceded on the basis of prior experiments (7) that 
there exists a specific immunity to tuberculosis demonstrable both in 
man and animals (7, 8), it was found impossible to demonstrate the 
existence of such immunity by means of any intracutaneous reactions 
against specific antisera. All attempts proved futile to produce antisera 
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that would react specifically on intracutaneous injection into animals of 
the same species (in order to exclude foreign serum reactions). Anti- 
sera were prepared in guinea pigs, rabbits and dogs and were injected into 
animals infected with virulent and avirulent human tubercle bacilli. 
In human subjects, both normal and tuberculous, with negative and 
positive tuberculin reactions to tuberculin (P.P.D.), no specific reactions 
were obtained to antisera. Sera from normal and from immunized 
goats produced intracutaneous reactions in normal and _ tuberculous 
human subjects. These reactions developed after three days to two 
weeks and persisted several days to a week, varying in intensity. 


We are grateful to Mr. Ray E. Stoner for assisting with the technical details of this study. 
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EXPERIMENTAL OLEOTHORAX! 
D. H. SALEY, H. S. WILLIS anp LUCIA ELLWART 


A good many years have passed since the idea and technique of oleo- 
thorax were introduced by Mackenzie (1) and refined by Bernou (2). 
During this period a great deal of experience has accumulated with re- 
spect to the use in tuberculosis of the lung and pleura, and the claims 
for its use have, in the main, crystallized about as follows: (1) that a 
mass of oil in the pleural space maintains the space when obliterative 
pleurisy impends; (2) that oil produces inflammation and thickening of 
the pleura and thus leads to closure of bronchopleural fistulae and to 
stiffening of a mobile mediastinum; and (3) that gomenolized oil is 
bacteriocidal or bacteriostatic and thus is a valuable agent in the treat- 
ment of empyema. 

On the other hand a considerable number of observers have used oleo- 
thorax for varying lengths of time only to give it up finally as being of 
little avail. Recently, Joannides (3) has given a useful and extensive 
bibliography on the subject.? 

In 1931 when these several diverse claims were still being promulgated 
somewhat vigorously, we undertook an experimental study of the ques- 
tion with the thought that further detailed knowledge of the basic patho- 
logical response of tissues to oils might be a helpful guide in recommend- 
ing clinical use of oleothorax. At that time Archibald (4), Young (5), 
Chandler and Gloyne (6), Waitz (7), Diehl (8) and several others had 
made significant experimental observations on this question, particularly 
as to the early tissue reactions. Archibald (4) and Young (5) found 
very mild reaction to the injection of oil. Chandler and Gloyne (6) 
injected several kinds of oil into the pleural space of rabbits and pro- 
duced soft adhesions, granulation tissue, marked cellular response; in 

1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 

2 Joannides (3) has discovered a little-known reference to the use of oleothorax in empyema 
which antedates Bernou’s work by several years. This is the work of Mackenzie (1) who, 
in 1914, used a light hydrocarbon to replace empyematous fluid without recourse to pneumo- 
thorax. Mackenzie suggested that the method might be used in tuberculosis to maintain 


collapse instead of nitrogen in pneumothorax, then just coming into accepted and fairly 
wide use. 
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short, reactions associated with any sterile irritant. They reported 
rather rapid absorption of vegetable oils and slower but definite absorp- 
tion of mineral oil. Waitz (7) used vegetable oils, with and without 
gomenol, in guinea pigs and puppies in which he continued artificial 
pneumothorax and produced serous effusion, pleural thickening, “‘vil- 
lous” pleurisy with granulation tissue and new formed capillaries, sub- - 
pleural and peribronchial cellular infiltration. 

Materials and methods: In our experiments we sought to determine 
the type and duration of reaction of normal rabbits to intrapleural in- 
jection of mineral (paraffin) and of vegetable (cotton-seed) oil, each with 
and without the addition of gomenol and with the oil applied in single 
and in repeated doses, and in small and large quantity. Altogether 110 
rabbits were used. The volume of oil injected ranged from 1 cc. to 25 
cc. and the injections numbered from one to five, the latter at weekly 
intervals. Animals were examined at intervals from 24 hours to 22 
months after injection. 

In order to be certain that the injection was made into the pleural 
space, we induced artificial pneumothorax which yielded satisfactory 
manometric readings. Then we attached a syringe containing oil to 
the intact needle, made the injection and withdrew the air so that the 
final response would represent reaction to oil only and not to both oil 
and air. We repeated this procedure at each injection. After the third 
or fourth injection it became difficult to obtain an air space. In such 
event, injections were discontinued. We added a nonirritating dye 
(Tieman’s soluble blue) to the oil in some instances to facilitate a study 
of absorption, and controlled the possible introduction of infection by 
use of culture methods, as Archibald (4) had controlled his experiment. 
Finally, efforts were made to prevent adhesion formation by placing 
“‘Amfetin” in the pleural space along with the oil. 

Resulis: The constant and almost unfailing result of the placing of 
oil in the pleural space is inflammation and its sequellae: adhesive pleur- 
isy, adhesions, scar and fibrosis. This occurred almost without exception 
in these experiments and irrespective of the type of oil used, the quantity 
and the addition of gomenol. Gomenol was added in strengths of one 
and five per cent to each of these oils. Reaction was the same to the 
oils with and those without this addition. 

It should be mentioned in this connection that the response to cotton- 
seed oil differs in two respects from that to paraffin oil: (1) it emulsifies, 
and (2) it is absorbed more rapidly. In all other respects each brings 
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forth the same basic reaction. The description given here of the reaction 
up to two or three months after injection applies equally to the use of 
either paraffin or cotton-seed oil; that of later reaction applies to the 
relatively nonabsorbable mineral oil. 

Gross appearance: Reactions are plain and obvious upon gross exam- 
ination. Twenty-four and 48 hours after injection the lung is somewhat 
retracted and hasa bluish cast. It is covered by a grayish-white, mucoid, 
oily coating obviously composed of oil droplets and fibrin. The entire 
pleural surface has lost its normal, glistening appearance and is roughened 
and granular due to fibrinous deposit. Fluids recoverable equal roughly 
the volume of oil injected. The contralateral side is intact and normal 
in appearance. 

After one and two weeks the abdominal surface of the diaphragm is 
dark and congested on the treated side, and this half of the organ is 
retracted toward the thorax. The left thoracic space contains a few 
cubic centimetres of oily fluid and small, oily masses or plaques of fibrin 
which float in the fluid. The pleura of the lung, chest-wall, mediastinum 
and diaphragm is flecked with small white gobs that resemble fat, num- 
bers of them being attached to each other by strands of fibrin. Some 
of these are as large as 5 mm. in diameter. Occasionally a bulky mass 
of oily fibrin attaches to one of the pleural surfaces. The retracted lung 
is attached at numerous sites to the pericardium, chest-wall and dia- 
phragm by soft, flimsy, oleogenous adhesions. Where cotton-seed oil 
has been injected, the remaining oil has become emulsified and is milky 
in appearance. The paraffin oil remains clear and transparent. 

When oil has been in the pleural space for three and four weeks, the 
reaction is much like that just described but, in addition, plastic pleurisy 
or pleural thickening becomes more marked and universal, adhesions 
tend to be more extensive and less friable and the volume of oil is some- 
what reduced. Adhesions anchor visceral to parietal surfaces; they pull 
the diaphragm toward the costal wall and thus obliterate the costo- 
phrenic angle; they pull the pleural fold which separates the epicardial 
lobe from the other lobes and forms the caudal portion of the medias- 
tinum, so as to enlarge that space sufficiently to hold several cubic centi- 
metres of oil. At times a few drops of oil penetrate the mediastinum to 
reach the contralateral space and arouse there a pleural reaction. 

As time passes, further slight changes are to be observed. Acute 
inflammatory reaction yields to dense fibrous tissue. After oil has been 
in the chest for 3, 4, 5 or 6 months, adhesions are thick and firm. Of 
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irregular shape, they lie in many areas and planes and wrap the lung in 
such a way as to form pockets which contain small amounts of sacculated 
oil. They cause contraction of the lung, distortion of the thoracic tis- 
sues, retraction of the diaphragm and diminution of the thoracic space 
on the affected side. 

This condition represents the average. However, it is interesting to 
observe an occasional thorax which contains clear oil and only a few — 
small, string-like adhesions. 

The animals which have lived a long time after injection (15 to 22 
months) present usually the picture of extensive thoracic distortion 
from adhesions, with small sacs of clear oil here and there. However, 
the proportion of animals with little or no oil and scant reaction is greater 
in this latter group. The last animal killed in this series had lived 22 
months after injection of 5 cc. of paraffin oil and presented only a half 
dozen hair-like, strong adhesions and moderate thickening of the medi- 
astinal folds. There was no oil. The lungs were of normal color and 
the pleural surfaces everywhere were normally glistening. The costo- 
phrenic angle was normal.’ 

The gross appearance of the effects of oil is illustrated in figures 1 and 
2. Figure 1 illustrates a bulky mass of fibrin against the mediastinum 
and a thick fibrinous deposit on the parietal pleura of the left side. This 
animal was killed one week after injection of 2 cc. of paraffin oil con- 
taining one per cent gomenol. Figure 2 shows extensive fibrosis and 
adhesion formation 16 months after injection of 4 cc. of 5 per cent go- 
menol in paraffin oil. In several animals which had lived from 12 to 22 
months after injection of oil, the reaction was much less marked than 
that shown in this figure. 

Microscopical appearance: The microscopical appearance may be 
anticipated from the gross picture. At 24 hours an early outpouring of 
fibrin leads to thickening of the pleura over wide areas, the thickened, 
undifferentiated matrix containing many vacuoles (oil), many poly- 
morphonuclear leucocytes, many large mononuclear phagocytes and 
small round cells. Frequently at 24 hours and usually at 48 hours after 
injection, an abundant lattice work of fibrin has been deposited on the 
pleura. This meshlike structure encloses spaces of a great variety of 
size and shape, apparently occupied, before fixation, by oil droplets. 


5 Observations such as this have caused us to speculate upon the resorption of adhesions 
or other scar tissue, once the irritant is removed. The disappearance of supposedly pul- 
monary scar tissue is not uncommonly seen in serial X-ray films of the tuberculous lung. 
Studies on this question are in progress. 


Fic. | 
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EXPERIMENTAL OLEOTHORAX 


Fic. 1. Rabbit injected with 2 cc. of 1 per cent gomenol in paraffin oil and killed one 
week later. Masses of fibrin adhere to the pleura and bind the heart to the sternum. A 
fibrin coating is applied to the costal pleura. 

Fic. 2. Rabbit injected with 4 cc. of 5 per cent gomenol in paraffin oil and killed 16 
months later. Right side is normal. Left (injected) side shows diaphragm retracted toward 
the thorax. Lung is bound to the chest-wall at many points. 

Fic. 3. Low-power microscopical view of pleural reaction 3 weeks after injection of 2 cc. 
of paraffin oil into the pleural space. General description is given in the text. 

Fic. 4. Low-power microscopical view of pleural reaction 7 months after injection of 
16 cc. of 1 per cent gomenol in paraffin oil. See text for description. 
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After ten days or two weeks the thick fibrinous plaques on the surface 
of the pleura have become organized. Newly formed capillaries are 
numerous, as are fibroblasts and there is beginning formation of collagen 
fibrils. Superimposed upon these organized plaques are masses of un- 
differentiated fibrin and the more or less necrotic (?) cells of the original 
exudate. Vacuoles representing oil droplets are numerous in this 
undifferentiated and organized tissue. 

As time passes the reaction becomes less cellular, more thread-like 
and fibrous, remaining meantime extensively vacuolated. After oil has 
been in the pleura for months, both visceral and parietal pleurae become 
moderately but densely thickened. Figures 3 and 4 illustrate the early 
and later stages of the pleural reaction. In figure 3 the typical pleural 
reaction at 3 weeks after injection is shown while the more fibrotic, less 
cellular reaction at 7 months may be seen in figure 4. 

The lung gives evidence of elastic retraction, alveolar walls are thick- 
ened, some of the alveoli are moderately flattened or otherwise of dis- 
torted shape and contain small round cells. These cells crowd the pleural 
lymphatics and are distributed in moderate numbers through the deeper 
pulmonary tissue, along with numerous macrophages. Oil droplets have 
been seen in the blood vessels of the lung by several observers (9) but 


none were observed in these experiments. Pulmonary tissue approaches 
the normal after all oil has been absorbed. 
The question may be raised whether these reactions arose solely as a 


response to oil or to oil and infection that could have been introduced into 
the pleural space by faulty technique. We believe that bacteria had 
nothing whatever to do with the observed reactions. Smears and cul- 
tures were made at every autopsy and in only one animal in more than 
100 were bacteria demonstrated. In this one instance there was ex- 
treme congestion of all pleural surfaces in addition to the usual reaction 
to the oil which the other animals showed. 

Absorption of oil: During the course of the experiments it became clear 
that cotton-seed oil disappears from the chest a few weeks after it is 
introduced. At the first week after injection serous effusion is present, 
and effusion and oil may measure as much or even a little more than the 
volume of oil introduced. But by six or eight weeks after injection of 5 
cc. of oil only a few drops remain and by 12 weeks it has nearly always 
disappeared completely. It became equally clear that paraffin oil re- 
remains in the chest for a very long time but tends eventually to be 
absorbed. In an occasional animal only a few drops remain at 12 or 
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16 weeks, although the rule is to find well over one-half the amount in- 
jected six months after injection. When 15 or 20 cc. of paraffin oil are 
injected, more than one-half and often more than three-fourths the vol- 
ume is recoverable 12 months after injection. In only one instance had 
all the oil disappeared when the animal was killed at six and one-half 
months. In one instance, where the same volume was used, only a few 
drops were recoverable in 16 months. Most of the other cases revealed 
10 cc. or more when the animals were sacrificed. In one animal in which 
5 cc. had been injected, none was found 22 months later. It has been 
intimated above that adhesions seem to disappear after the oil has been 
absorbed. 

To the mechanism of absorption, only secondary attention was given 
and this for two reasons: (1) frozen sections of fresh oil-containing tissues 
could not be prepared, and the oil was lost in the routine histological 
technique; (2) in many instances the thoracic cage was saved with the 
lungs intact so that the regional lymph nodes were not examined in all 
cases. However, 25 per cent of the retromanubrial and a somewhat 
larger percentage of the tracheobronchial lymph nodes examined con- 
tained oil or pigment in amount sufficient for gross detection. This 
indicates lymphatic absorption from both the parietal and visceral 
pleura. No oil or pigment could be seen in sections of the kidneys, liver 
or spleen of the oil-treated animals. None was detected in the lung itself 
although an occasional small vacuole in a lymphatic and small blood 
vessel suggested absorption and transportation of oil by these two sys- 
tems. 

Several authors have stated that oil may be absorbed directly. Diehl 
(8) thought absorption occurred directly into swollen endothelial cells 
without the intervention of leucocytes. Hayes (10) questioned the 
wisdom of using vegetable oil because of its irritating effect upon the 
pulmonary tissues after it is absorbed into the lung. Waitz (7) reported 
inflammatory reaction deep in the lung as a result of absorbed oil. Binet 
and Verne (11) believed that phagocytes carry the oil droplets through 
lymphatics, and Bettini (9) that droplets are carried in the blood. Sev- 
eral writers, among them Bratiano and Bratiano (12) and Chandler and 
Gloyne (6), have concluded that oil is subject to lipolytic action. 

It has been claimed that the introduction of amniotic fluid into the 
abdomen prevents the formation of adhesions after operations (Warren 
(13)). We wondered whether this substance might prevent the develop- 
ment of the extensive adhesions which so constantly follow injection of 
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oil into the pleural cavity. To that end we injected ‘‘Amfetin’’* with 
oil and at weekly intervals thereafter for as long as 12 weeks. In some of 
the 15 animals thus treated somewhat fewer adhesions were present than 
in the control animals, but we could not demonstrate that this agent pre- 
vented the formation of adhesions under the conditions of the experi- 
ment. Amfetin did appear to hasten the absorption of oil although - 
longer experiments might have been more conclusive. 


SUMMARY AND CONCLUSIONS 


Oleothorax has been advocated as a clinical procedure on three counts, 
namely: (/) that it will maintain collapse of a lung under pneumo- 
thorax in which obliterative pleurisy impends; (2) that it irritates pleu- 
ral surfaces and thus leads to pleural thickening, closure of broncho- 
pleural fistulae and to stiffening of a herniating mediastinum; and (3) 
that gomenolized oil is antiseptic and aids in healing of tuberculous and 
nontuberculous empyemata. 

Experimental work abounds which proves some of these contentions. 
It was to learn more of the essential pathological reaction elicited by oil 
in the pleural space that the work now reported was undertaken. From 
the results of this work it is clear that oil may produce extreme grades of 
fibrinous and fibrous pleurisy with marked visceral distortion and dis- 
placement. It is clear, also, that vegetable oil is absorbed within a few 
months of its introduction, and that mineral oil remains much longer in 
the chest and usually is present in some volume a year or a year and a 
half after injection. The latter appears to be absorbed eventually, 
however. The mechanism of absorption is not entirely understood 
although the pleural endothelium and the phagocytic cells may absorb 
oil and the lymphatics and blood vessels may absorb and transport it. 
It seems probable that adhesions are absorbed after the irritating oil 
has been absorbed. 

No conclusions are made from this work insofar as it concerns thera- 
peutic application of oil in man except to point out the fact that oil in 
itself establishes a pathological condition of the animal tissues which is 
far from normal and, at times, far from desirable. No implication can be 
made from this work as to the desirability of oleothorax in human cases 
of empyema. 


‘ This product, which is bovine amniotic fluid, was generously furnished us in abundant 
amount by Eli Lily & Co. 


EXPERIMENTAL OLEOTHORAX 
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EDITORIAL 
Has Tuberculosis Treatment Been Effective? 


The valuable study by Drolet (1) on the trend of case fatality rates 
in tuberculosis again plumps the question about the factors to be credited 
for the striking retreat of this disease, particularly in recent time. Since 
these are patently numerous and since they operate at various times 
and at various places with a varying interrelationship, a precise evalua- 
tion can never be had, and opinions, therefore, will differ. That the 
more abundant life has been a powerful force none can deny, though 
debate could be held about the degree of this power and the definition 
of abundance. The important thing is to recognize all the useful meas- 
ures which may be turned with some effectiveness against tuberculosis, 
to become familiar with their limitations, and to decide how best they 
may be applied under varying conditions. Whether we deal with 
communities or with persons, the control of a disease like this is a matter 
for individualization, that is, identifying the forces of resistance which 
naturally tend to hold off the invader and then applying with skill and 
discrimination the measures which are known to augment or accelerate 
these forces. Drolet’s analysis logically raises the question whether, 
beyond isolating the infectious case, sanatorium or surgical treatment 
has been a significant factor. 

A statistical study cannot take into into consideration such im- 
ponderables as the educational value and the scientific contributions of 
the sanatorium, yet these are among its best assets. The effectiveness 
of treatment to improve the quality and productiveness of the patient’s 
living during his remaining years cannot be figured, nor can there be an 
accurate estimate of the preventive value of sending the patient back 
home trained to avoid spreading the infection among his family, or no 
longer infectious. In fact, such a statistical examination is not intended 
to and cannot disclose the effect of treatment in specific cases or classes 
of cases. Nevertheless, it should and does throw some light on the total 
effect in large communities, and this should be welcomed since every 
physician hopes that his effort to heal will have broad and remote as well 
as specific and immediate significance. Some may question the re- 
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liability of a ratio between new cases reported and deaths as a basis of 
analysis, especially since reporting is known to be incomplete. Whatever 
the error may be, however, it is rather minimized by the scope of the 
figures and the long time covered. The study, therefore, merits cogita- 
tion, taken at its face value. 

For examination, one of Drolet’s conclusions might be restated more 
specifically; namely, it is not demonstrated that the treatment of 
advanced tuberculosis, as practiced during this time, has had a very 
significant effect on case fatality rates. The reason for this is the 
difference between the results of treatment of the early and the advanced 
case and the difference between good and bad treatment. It must be 
considered first that the sanatoria of our country regularly receive eighty 
per cent or more of their cases in an advanced stage, a fact reaffirmed by 
the comprehensive survey reported by the American Medical Association 
in 1935 (2). It is the general experience that most deaths in institutions 
occur within a few months after admission. In most of the fatal cases, 
therefore, it can hardly be said that the treatment applied is calculated 
to be curative, but as long as this situation prevails the sanatorium 
fatality rate is not likely to improve much. Further, it has long been 
known that all but a few of the patients with advanced tuberculosis 
eventually die of that disease regardless of the manner of treatment. 
Treatment, therefore, is designed to cure, if possible, but mainly to 
prolong life and make it bearable and, to a degree, productive. Sana- 
torium care for the advanced case has been costly and generally inade- 
quate, the average length of stay being, on the average, considerably less 
than sixmonths. Because of their high cost, infirmary space and nursing 
personnel are not sufficient to permit the prolonged rest in bed which is 
desirable. Surgical therapy has been added, but, if Drolet’s figures 
have a meaning, they fail in the large to show an appreciable result. 
This suggests a weakness in the practice, because other more narrow but 
more intensive studies have proved the value of modern treatment even 
in advanced cases. The faults seem not to be so much in the treatment 
as in the manner of its application, and it is well to attempt to identify 
some of these. Because of pressure from lack of hospital accommoda- 
tions, anxiety of the patient and his family, and sometimes because of a 
misconception of the healing of tuberculosis, the rest cure many times has 
been prematurely terminated under the delusion that collapse of the lung 
is a complete substitute. In other instances, time has been wasted in 
waiting for the rarely realized benefits of relatively feeble measures (such 
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as phrenic nerve interruption in advanced cavernous tuberculosis), 
yet this would be recorded as a failure of collapse therapy. Sometimes, 
something is done solely in the belief that something is better than 
nothing, but this, as a rule, salves the physician’s tender and unregulated 
conscience more than it does the patient’s sores. Wiser heads appreciate 
that, in cases that cannot be rehabilitated, it is better to abstain from 
surgery of any kind lest the patient’s disability be increased and his 
life shortened. Development of new methods of surgical and other 
treatment should and will go on, but it is equally important to train 
the individual physician to select the combinations which best serve the 
interest of the individual patient. Teaching must emphasize that, 
unless rest treatment can be applied properly and for adequate time 
to support old or new adjuvant measures, the ultimate results are not 
likely to be impressive. 

The early or “‘minimal’’ case in which sanatorium treatment is imme- 
diately and in the long run most effective, but for which it is not usually 
employed, is a problem with many differences. Proper treatment of the 
early lesion is usually an effective safeguard against the development of 
advanced disease, and, therefore, has always proved to be the highest 
achievement of the healing art in this field. It is strange then how 
human psychological reactions so often sprout some excuse why such 
treatment should not be given. The patient, perhaps, cannot bear to 
face the possibility of tuberculosis and stays away from his doctor until 
alarming symptoms force action—too late. The physician, diagnosing 
the early infiltration in a young person, sometimes shrinks from advising 
a rest cure with its economic consequences and waits to be convinced by 
the appearance of unmistakable symptoms and a positive sputum— 
the heralds of advanced disease. The sanatorium, too often, has 
its infirmary filled with late cases and keeps the young patient with a 
soft patch of bronchopneumonic tuberculosis ambulant, knowing that, 
if a cavity develops, it can probably be closed with pneumothorax. The 
conception grows, more in the minds of economists than of physicians, 
that the rest cure can be eliminated and that collapse therapy and a 
couple of weeks of repose will solve the problem, allowing the patient 
to go on with his work, presuming, without proof, that money will be 
saved for him and the community. All this, in spite of the knowledge, 
proved more than anything else in the tests of therapy that complete 
treatment of the early case—not the rest cure alone, but combined with 


TUBERCULOSIS TREATMENT 257 


collapse of the lung when indications exist—for an unhurried time 
promises, more than any substitute short cut, a lasting cure for the 
patient and ultimate control in the community. Otherwise, it is ques- 
tionable how much case fatality rates may change, and, beyond isolating 
the infectious case, whether treatment in the future can be credited in 
the broad sense with increasing effectiveness. 


REFERENCES 


(1) Droret, G. J.: Present trend of case fatality rates in tuberculosis, Amer. Rev. 
Tuberc., 1938, 37, 125. 
(2) The tuberculosis survey, Jour. Amer. Med. Assn., 1935, 105, 1855 et seq. 


* 

4 


STATISTICAL BASIS OF ERRORS IN IMMUNITY TESTS 


WILLIAM N. BERG 


Purpose: To point out (1) sources of error in the longevity test for 
immunity in guinea pigs, and (2) conditions for their removal. 

The following immunity test is typical of several published from the 
X Tuberculosis Research Laboratory and from other similar institutions. 
Ten guinea pigs were “immunized” with an antituberculosis vaccine. 
These 10, together with a similar control group of 10, were then infected 
with equal doses of virulent human tubercle bacilli. The immunized 
animals lived 469, 369, 292, 266, 246, 230, 185, 175, 152 and 97 days 
after infection. Their mean (or average) days of life following infection 
were 248 days. The controls lived 409, 259, 161, 149, 139, 123, 113, 
102, 54 and 49 days after infection. Their mean days of life were 156 
days. The difference between the two means, 248 less 156, or 92 days 
in favor of the immunized group, was interpreted as due to the protective 
potency of the vaccine, on the commonly erroneous assumption that 
both groups originally had the same mean expectation of life. 

What would the above difference of 92 days, have been if the experi- 
ment were blank, that is, if only sterile salt solution had been used for 
immunization and only sterile sugar solution for infection? Since this 
difference may be, and frequently is, due to random sampling of guinea 
pigs, a simple statistical method was described in a previous publication 
(1) for testing the significance of a difference between means. Such 
testing is necessary in many researches where a conclusion is based upon 
a difference between means (or averages) of samples drawn from a 
large population. 

When should immunity tests be planned and analyzed by statistical 
methods? Those early investigators who sought a biological or chemo- 
therapeutical product that would effect a complete prevention or cure 
of tuberculosis had little need for statistical methods. When the search 
began for acceptable products, which, while they fell short of the above 
objectives, would still have some demonstrable potency, it was not 
realized that an apparently slight change in objectives called for a pro- 
found change in the method of the experiment. Immunity tests on lab- 
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oratory animals made 50 years apart were the same, in spite of changed 
objectives. 

The error: A fundamental in the statistical study of sampling is that 
two or more samples drawn at random from a given large group will 
have different means. When a dealer is asked to forward 40 guinea pigs 
of similar weight or age to a laboratory, and these are divided into a 
group of 20 controls and 20 to be immunized, this is, in fact, a drawing 
of two samples from the large guinea pig population. The assumption 
should be made that the mean length of life of the two groups will not 
be equal if they are allowed to live and die normally. The error made 
by many tuberculosis research workers and others is the assumption 
that the means of samples are equal. This error becomes greater as the 
sizes of samples become smaller. For example, if a group or sample of 
20 male guinea pigs, all three months old, lived to an average of 35 
months, the assumption must be made that other exactly similar groups 
will not have the same mean life-time of 35 months. This statistical 
principle applies to mean weights of spleen, mean number of nurses 
infected, or any other characteristic. It may be applied broadly to 
many researches where conclusions are based on differences between 
means of samples drawn from a large population. 

Calculation of differences between mean lengths of life of samples of normal 
guinea pigs: Although this is the answer to the question asked in the 
“purpose of this paper,” more than this is required in the correct inter- 
pretation of an immunity test. This calculation involved two steps: 
calculation of expectation of life and obtaining results on random sam- 
pling of expectation of life. 

Calculation of expectation of life: The possibility of calculating life 
tables for the guinea pig is due to the recent publication by Eaton (2) 
of his studies on the longevity of the guinea pig. Complete life tables 
based on Eaton’s data were calculated by methods described by Dublin 
and Lotka (3), but are shown here only in part, as table 1. This table 
tells how long guinea pigs may be expected to live in a normal environ- 
ment. ‘Thus, in a large group of five-month-old guinea pigs, each will 
live, on the average, an additional 42 months if they are males, and 24 
months if they are females. Since the females have a decidedly lower 
expectation of life, both virulence and immunity tests will probably be 
improved by using males only. 

The reason for differences in mean expectation of life of samples of 
guinea pigs can be seen in table 1. In the above group of five-month-old 
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males, one cannot tell which guinea pig will live an additional month or 
seventy months. Control and immunized groups will contain unknown 
proportions of guinea pigs destined to live longer or shorter lives. This 
is the same as saying that in a group of 10,000 white male children, age 
two years, each will live, on the average, an additional 59 years. What 
this average figure will be for this or that random sample of 20 such 
children will differ from sample to sample. How great might this differ- 
ence be for a group of 20 and 20 or of 50 and 50 guinea pigs? The answer 
was calculated from table 1. 


TABLE 1 
Expectation of life of normal guinea pigs 


AVERAGE NUMBER OF MONTHS REMAINING TO EACH GUINEA PIG ALIVE 


AGE OF GUINEA F108 AT BEGINNING OF AGE INTERVAL IN FIRST COLUMN 


months 


0-1 
5- 6 
10-11 
15-16 
20-21 
25-26 
30-31 
35-36 
40-41 
45-46 
50-51 
55-56 
60-61 
65-66 
70-71 
75-76 
80-81 
91-92 


Results of random sampling of expectation of life: A hypothetical dealer 
was asked to send 40 normai male guinea pigs, all 90 days old, to a lab- 


oratory where two groups of 20 were formed. One group was “‘im- 
munized” with sterile salt solution, followed by “infection” of both 
groups with sterile sugar solution. Both groups were allowed to live 
in a normal environment until all died. The mean (or average) length 
of life of the two groups was calculated, and the difference found by 
simple subtraction. Assuming that 100 such blank immunity tests 
were made, the following results were calculated by statistical methods 


males females 
46 27 
42 24 
39 22 
35 20 
32 19 
28 17 
26 16 
24 15 
20 14 
16 15 
14 15 
14 13 
12 14 
9 14 
5 13 
i 8 
0 3 
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(4) and the aid of the complete guinea-pig life tables. Eaton’s longevity 
data make it unnecessary to actually carry out these blank tests. In 
50 tests, immunized groups will outlive their controls. In 34 of the 
100 tests, immunized groups will outlive their controls by anywhere 
from 0 to 6 months mean life after infection. In 16 tests out of 100, 
the difference in favor of immunized groups will be from 6 to 14 months. _ 
The same figures are true for control groups outliving their corresponding 
immunized groups. ‘These differences are cut down to about one-half 
of the above when samples of 50 plus 50 guinea pigs make one blank 
immunity test. 

But these differences between mean length of life of groups of guinea 
pigs are not those needed in the interpretation of actual tests, because 
none of the above animals were immunized or infected. 

Revised virulence test: Perhaps the first step in an orderly study of the 
longevity-immunity test is to make what might be called revised viru- 
lence tests by a variation of the above blank immunity tests. As before, 
convenient groups of guinea pigs are “immunized” with sterile salt solu- 
tion. But now this is followed by infection of immunized and control 
groups with moderate doses, 0.000,01 mgm. or less, of virulent human 
tubercle bacilli, under carefully standardized conditions (1, page 502). 
As in the blank immunity tests, immunized groups will outlive their 
controls in 50 per cent of the tests. The differences between mean 
lengths of life, however, cannot be calculated. They must be found 
experimentally. Let it be assumed provisionally that the differences 
range from 0 to 6 months in most of the virulence tests. This will 
furnish a sounder basis for judging the potency of an immunizing mate- 
rial. Knowing that immunized groups may outlive their controls by 
as much as 6 months, when salt solution is the immunizing agent, potency 
will not be assumed from one test, unless the immunized group outlives 
its control by more than the blank differences. 

Criterion of success: If in five actual immunity tests immunized groups 
outlived their controls in all five tests, even by a small margin, the 
probability is that immunization actually occurred. This becomes a 
practical certainty if it happened in ten tests. 


SUMMARY 


1. It is practically impossible to select two or more small groups of 
guinea pigs so that the groups will have the same mean length of life. 
As ordinarily carried out, on the erroneous assumption that mean lengths 
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of life of guinea pig samples are equal, the longevity-immunity test is 
worse than useless because it confounds research workers. 

2. In blank immunity tests, with sterile salt ‘solution for immunization 
and sterile sugar solution for infection, immunized groups will out- 
live their controls in one-half the tests, and frequently by as much as 
6 months. 

3. A revised virulence test, better adapted to the needs of immunity 
testing, is suggested. 

4. Only male guinea pigs should be used in virulence and immunity 
tests. 


The writer is glad to acknowledge his indebtedness to Dr. John R. Mohler, Chief of the 
Bureau of Animal Industry, Washington, D. C., for permission to use data in Bureau publica- 
tions, and to Dr. O. N. Eaton, also of the Bureau, for many helpful suggestions. 
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DAILY VARIATIONS IN THE TUBERCULIN REACTION’? 
1. The Range of Variation in Tuberculous and Control Subjects 
JOHN S. HOWE 


Since Robert Koch (1), in 1890, first reported the use of tuberculin, 
a vast and highly controversial literature has accumulated on the subject 
of allergy in tuberculosis. Pirquet (2) recognized clearly certain dis- 
crepancies and variations in the cutaneous reaction to tuberculin. In 
particular he recognized the “‘cachectic reaction,” the weak or negative 
reaction to tuberculin which may occur in cachexia, miliary tuberculosis, 
tuberculous meningitis, and in certain infectious diseases, particularly 
measles. These variations in the tuberculin reaction are now generally 
accepted and explained either as the result of desensitization or of failure 
of reactivity associated with marked dehydration. 

Rich (3) has performed tuberculin tests at intervals of several days 
in patients with miliary tuberculosis, and states that these reactions show 
marked variations, which he suggests may be due to desensitization by 
large numbers of tubercle bacilli entering the blood-stream. Gernez 
and Marchandise (4) stress the importance of nonspecific factors in 
determining the variations in intensity of skin reactions to tuberculin, 
particularly vasomotor and circulatory factors. They demonstrated 
local differences in the tuberculin reaction, done bilaterally on cases of 
hemiplegia and of peripheral vascular disease. 

Roberts (5) has reviewed the subject of variations in tuberculin allergy. 
He stresses particularly the occurrence of transient negative reactions 
to tuberculin in positive reactors, which he considers may be due to 
acquired tolerance to tuberculin, anergy in advanced tuberculosis, or 
nonspecific factors. Hamburger (6), Peyrer (7), and Schnippenkétter 
(8) in separate contributions have described the occurrence of seasonal 
trends in the tuberculin reaction, the first two authors in children, and 
the last in adults with tertiary tuberculosis. In general they agree on 


1 Presented in part at a session of the Pathological Section at the 33rd annual meeting of 
the National Tuberculosis Association, Milwaukee, Wisconsin, June 1, 1937. 
2 From the Department of Pathology, University of Illinois, College of Medicine, Chicago, 
Illinois. 
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a late spring peak in sensitivity to tuberculin, with smaller reactions in 
the summer and winter months. All their conclusions were based on 
tuberculin tests done at intervals of one month or more. 

Ossoinig (9) noted a seasonal trend in the tuberculin reaction in children 
examined repeatedly over a period of three years, as well as periodic 
variations in skin sensitiveness, with a positive phase lasting one week, 
and a negative phase lasting from one to three weeks. He performed 
daily tuberculin reactions on a series of fifteen children for two-week 
periods, at intervals of several weeks. In these, he noted the parallel 
trend of the tuberculin reaction in different individuals on the same day, 
which he was unable to explain, although he suggested that meteoro- 
logical factors must play a réle. 

With the exception of the work of Ossoinig, there are no reported 
studies of the tuberculin reaction based on tests done at short regular 
intervals. All of the observations and attempted correlations are based 
on single tuberculin reactions performed at intervals of several weeks 
or more. This series of observations was undertaken in the hope that 
a careful study of the tuberculin reaction, using daily tests over as long a 
period as practicable, might clear up some of the discrepancies. 


METHODS 


Recently von Gréer (10) has described a method using simultaneously 
two different dilutions of tuberculin injected intracutaneously into the 
back, at intervals of four to six weeks. The average diameter of the 
reactions was measured, and multiplied by the negative logarithm of 
the dilution of tuberculin to obtain a product characteristic for the 
reaction and the dose. He found that the reactions were roughly pro- 
portional to the negative logarithm of dilution, and classified tuber- 
culosis in children on the basis of variations from this mathematical 
ratio, which he believes to be of prognostic significance. 

Our method was adapted from that of von Gréer, with certain modifi- 
cations. The subjects were four adults with pulmonary tuberculosis 
and two adult control subjects with positive tuberculin reactions but 
negative X-ray and clinical evidence for tuberculosis. 

In order to have a standard tuberculin with comparable results over 
the entire period, Purified Protein Derivative Tuberculin (Long and 
Seibert (11)) was used. Accurate dilutions were made fresh daily from 
a stock solution, kindly furnished by the Phipps Institute, through the 
courtesy of Doctor Long and Doctor Seibert. In 5 of the 6 subjects, 
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the doses used were .000,1 and .000,01 mgm. of P.P.D. In one subject 
it was necessary to use larger doses of .001 and .000,1 mgm. to obtain 
easily measured reactions. 

The two doses were simultaneously injected intracutaneously in the 
back and the reactions read twenty-four hours after injection, when the 
average diameter of the sharply defined zone of erythema was recorded. 
These average diameters, multiplied by the negative logarithm of the 
corresponding dose of P.P.D. in mgm., give the von Gréer product for 
each reaction. These products, plotted on a graph of which the base- 
line is the date of injection, give a graphic record of the daily level and 
course of allergy in each subject (figure 1). 

At the same time various clinical, chemical, serological and haemato- 
logical observations were made daily and charted so that any correlations 
might be analyzed. These observations included the blood-pressure, 
pulse, respirations, leucocyte and differential counts, temperature, 
weight, sputum volume, clinical notes, blood pH and CO, content, choles- 
terol, methylene-blue reduction time, etc. 


RESULTS 


The tuberculin curves for the four patients and two control subjects 
are given in figures 1 to 7. The periods of continuous observation vary 


from 1 to 6 months, and the longest period of observation on any one 
subject with interruptions is 12 months. 


Figure 1 shows the curve for patient 1 (F. S.), a Mexican male of 51 years, 
with a diagnosis of far advanced bilateral pulmonary tuberculosis with cavita- 
tion. .The period of observation extended from March 2 to July 9, 1936. The 
patient died August 11, 1936. The reaction to the larger dose of P.P.D. 
(.000,1 mgm.) is represented by the solid line; the reaction to the smaller dose 
(.000,01 mgm.) by the dotted line. The numbers at the left margin of the 
graph are the von Grier products and the baseline is the date of injection, 
each small square representing one day. 

Obviously this patient shows a marked cyclical variation in the reaction 
to the same doses of tuberculin, the cycles extending over periods from one to 
several days. From the first week of May, the curve shows a gradual decline 
to the end of observations in July. On May 23 and on June 4, 5, 10, 11, 16, 
18, 23, 25 and 30 the reaction to the smaller dose of tuberculin is entirely 
negative, while the reaction to the larger dose is decreased. If the variability 
of the reaction be expressed as a per cent of the maximal reaction to the doses 
used, we have here a 100 per cent variability in the tuberculin reaction. The 
gradual decline in the level of allergy from the first of May to July may repre- 
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sent an actual seasonal trend in sensitivity to tuberculin, such as has been 
reported by Peyrer (7), or it may represent increasing failure to react (“an- 
ergy’’) in a moribund patient. 


Patient 2 (C. K.) is a white male of 48 years, a machinist, diagnosed silicosis 
and pulmonary tuberculosis, moderately advanced. This patient shows few 
signs of tuberculous activity, and his lesions are essentially of the chronic 
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Fic. 4. Tuberculin curve for patient 3 (H.G.). Plotted to the same scale and using the 
same doses as in the preceding charts, the solid line again representing the reaction to the 
larger dose of P.P.D. For discussion see text. 


Fic. 5. Tuberculin curve for patient 4 (W. K.). For discussion see text 


fibroid type, with symptoms of dyspnoea, dry cough, chiefly referable to his 
reduced pulmonary capacity. 

Two tuberculin curves for this patient are shown. The first (figure 2) covers 
the period from March to July, 1936. This curve shows a generally lower 
level of tuberculin allergy than in patient 1, with the cyclical variations present 
but less marked. On June 5, 24, 25 and 30 there are exaggerated reactions 
followed by a return to the usual level. 
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The second chart for this patient (figure 3) covering the period from October, 
1936 to February, 1937 shows a higher level of allergy and extreme fluctuations 
in the level of allergy reaching a peak in the latter half of January, 1937. In 
each of these curves the variability of the reaction is 70 per cent of the maxi- 
mal reaction to the doses used. 


Patient 3 (H. G.) (figure 4) is a white male of 38 years, diagnosed pulmonary 
tuberculosis with cavitation, classified as moderately advanced. The period 
of observation was from December, 1936 to February, 1937. The curve shows 
a fairly high level of allergy, reaching a peak in the last week of January, 1937, 
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Fic. 6. Tuberculin curve for control subject 1 (R. T.). The solid line represents the reac- 
tion to the larger dese of .000,1 mgm. and the dotted line the reaction to the smaller dose of 
.000,01 mgm. P.P.D. For discussion see text. 

Fic. 7. Tuberculin curve for control subject 2 (S. M.). The solid line represents the reac- 
tion to the larger dose of .000,1 mgm. and the dotted line the reaction to the smaller dose of 
.000,01 mgm. P.P.D. For discussion see text. 


followed by a drop in February. The daily fluctuations are marked. The 
variability is 60 per cent of the maximal reaction to the doses used. 


Patient 4 (W. K.) (figure 5) is a white male of 23 years, diagnosed pulmonary 
tuberculosis with cavitation, far advanced. He had a rapidly progressive 
tuberculous pneumonia with duration of six months from first symptoms to 
death. The tuberculin record covers only October and part of November, 
1936. With this patient it was necessary to use a larger dose of tuberculin 
to obtain easily measured reactions, namely .001 mgm. and .000,1 mgm. of 
P.P.D. Again the solid line represents the larger dose .001 mgm. Even 
with these larger doses, the level of the reaction as charted is relatively low, 
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but the same cyclical variations are present as in the other subjects. The 
variability is 50 per cent of the maximal reaction. It is interesting that a 
relatively high level of allergy is maintained up to the last observation, which 
was made on the day preceding death. This is contrary to the generally 
accepted loss or depression of allergy (“anergy”) in moribund patients. 


Control subject 1 (R. T.) is a white male of 28 years, a laboratory technician, 
without X-ray evidence of active tuberculosis. The tuberculin reactions 
(figure 6) cover a period in November and December, 1936. The general 
level of allergy is comparable to that of the first three patients, and the same 
cyclical variations in the tuberculin reactions are present. The variability is 
50 per cent of the maximal reaction to the doses used. 


Control subject 2 (figure 7) is a white male of 35 years, a laboratory technician, 
with X-ray and clinical examination negative for active tuberculosis. The 
period of observation covers part of November and December, 1936. The 
level of allergy in general is higher than that of control subject 1, and the 
fluctuations are more marked. The variability is 60 per cent of the maximal 
reaction to the doses used. 


SUMMARY AND CONCLUSIONS 


1. A method adapted from von Gréer is presented for performing daily 


tuberculin tests and recording the results graphically to give a curve 
of allergy. 

2. Curves of allergy are presented for four patients with pulmonary 
tuberculosis and two control subjects with positive reactions to tuber- 
culin but no X-ray or clinical evidence of tuberculosis. 

3. The tuberculin reactions, in both subjects and controls, show 
marked daily fluctuations varying from 100 per cent to 50 per cent of 
the maximal reactions to the doses used. 

4. A possible example of a seasonal trend in the reaction to tuberculin 
is presented in patient 1. 

5. Patient 4 presents an example of a moderate reaction to tuberculin 
in a moribund patient sustained to the day preceding death. 

6. In this short series, there are no apparent differences in the tuber- 
culin curves of tuberculous patients and control subjects, with the 
possible exception of patient 4, who was definitely less sensitive to tuber- 
culin than the other subjects and required larger doses to produce an 
easily measured reaction. 
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7. The extent of the daily variations in the tuberculin reactions sug- 
gests the necessity of caution in drawing conclusions, or in making 
clinical correlations, from single tuberculin reactions at long intervals. 
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DAILY VARIATIONS IN THE TUBERCULIN REACTION!” 
2. Relation to the Vascular Pressor Episode 


JOHN S. HOWE 


In a preceding paper (1) we have presented curves of allergy for four 
patients with clinical pulmonary tuberculosis and two control subjects 
with positive reactions to tuberculin but no evidence of active tuber- 
culosis. A striking feature of all these curves of allergy is the marked 
cyclical variation in the reaction to the same doses of tuberculin over a 
period of one to several days. In an attempt to explain these variations, 
the tuberculin curves were analyzed in relation to other observations 
made daily and in relation to the meteorological environment. 


Figure 1 is a typical composite chart showing the more important daily obser- 
vations on patient 2 (C. K.) for the months of March and April, 1936. Be- 
ginning at the top, the numbered curves represent the following: 


(1) Meteorograph for Chicago. The heavy line represents the barometric 
pressure and the dotted line the daily mean temperature. 

(2) Percentage of immature leucocytes in the circulating blood. 

(3) Percentage of polymorphonuclear leucocytes. 

(4) Percentage of eosinophiles, one black square equals one per cent. 

(5) Leucocyte count expressed in units of 1,000. 

(6) Methylene-blue reduction time, that is, the time in hours required to 
reduce to a colorless solution .01 cc. of a 1 to 1,000 solution of methyl- 
thionine chloride, USP, injected intracutaneously. This is a measure of 
tissue oxidation. 

(7) Respiratory rate taken daily at the same hour under basal conditions. 

(8) The heavy black curve represents the daily systolic and diastolic blood- 
pressure levels, and the light line represents the pulse rate. 

(9) Carbon dioxide content of the venous blood in volumes per cent. 

(10) pH of the venous blood. 
(11) Blood cholesterol in milligrams per cent. 


1 Presented in part at a session of the Pathological Section at the 33rd annual meeting of 
the National Tuberculosis Association, Milwaukee, Wisconsin, June 1, 1937. 

2 From the Department of Pathology, University of Illinois, College of Medicine, Chicago, 
Tilinois. 
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(12) Daily minimum and maximum temperatures. 

(13) The 24-hour sputum volume in cc. 

(14) Weight of the patient. This was taken only at weekly intervals. 

(15) Tuberculin curve, the reaction to two simultaneous doses of P.P.D. 
expressed as the von Gréer product. 

(16) Daily clinical notes and symptoms. 


On this composite chart only two episodes out of several have been diago- 
nally shaded to indicate the correlations. The first episode which has been 
shaded occurs on March 30, a day characterized by unstable meteorological 
conditions with a rapidly falling temperature, a sharply rising barometric 
pressure and slight precipitation, all characteristic of an infall of polar air. 
In curve 5, this is seen to correspond to an increased reaction to tuberculin, 
which is associated with a systolic and diastolic blood-pressure peak (curve 8) 
and a temperature peak of 99.2°F. Associated with these findings, there is a 
moderate leucocytosis with an increase in the percentage of polymorphonu- 
clears and immature leucocytes, and a slight increase in the respiratory rate. 
The blood chemistry shows a high carbon dioxide content and a relatively high 
pH, which starts to fall sharply to a lower level on the next day. The clinical 
notes for this episode reveal complaints of chest pain and dyspnoea on the two 
preceding days, that is, at the beginning of the polar infall when peripheral 
vascular spasm, reflected in a rising diastolic pressure, had caused an anoxaemia, 
which was reflected clinically in this patient with reduced pulmonary capacity 
(silicosis and tuberculosis) by pain in the chest and dyspnoea. 

The second shaded episode on the comprehensive graph occurs on April 21, 
1936. This period, as shown in the meteorograph (curve 1, figure 1), is char- 
acterized by a very rapidly falling temperature and a sharply rising barometric 
pressure, with slight precipitation, again characteristic of an infall of polar air. 
The tuberculin curve (curve 15) shows a double peak with the greatest exagger- 
ation of the reaction on the succeeding day, April 22. The clinical reflection 
(curve 16) consists of precordial pain and increased cough. The sputum vol- 
ume (curve 13) shows a double peak quite similar to the tuberculin reaction. 
The blood-pressure (curve 8) shows a delayed fall in the systolic and diastolic 
pressures, though this effect is not as clear-cut as in the preceding episode. 
The blood picture shows a marked leucocytosis (17,000) with 1 per cent eosino- 
philes and a high percentage of polymorphonuclear and immature leucocytes. 
The methylene-blue reduction time is greatly prolonged (increased tissue oxi- 
dation) concurrent with an increased respiratory rate. The carbon dioxide 
content of the blood is low as is also the blood pH. The temperature and 
blood cholesterol show no marked change in this episode. 


This preliminary consideration of a typical comprehensive chart 
illustrates the fact that, despite the complexity, there is a, trend of 
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correlation in all the observations, clinical, chemical and serological. 
We shall limit this paper to a detailed consideration of the relation be- 
tween the tuberculin curves and the diastolic blood-pressure, taken daily 
at the same time under basal conditions. The diastolic blood-pressure 
may be considered a fairly rough measure.of vascular permeability, since 
a dilated arteriole is more permeable than a constricted one, as has been 
shown in many studies on inflammation by Cohnheim (2), as well as 
others. Also the anoxaemia caused by prolonged vascular spasm may 
increase the permeability of the capillary endothelium, as has been 
pointed out by Burrows (3). 

Petersen (4) has shown the close correlation between the meteorolog- 
ical environment and the rhythm of vascular spasm and dilation, as 
measured by the blood-pressure readings taken daily. For simplifica- 
tion we will omit the meteorograph and compare the blood-pressure and 
tuberculin curves in our six subjects: 


Figure 2 shows in the upper solid black curve, the daily systolic (upper limit 
of curve) and diastolic (lower limit) blood-pressure levels. The double light 
line represents the pulse rate taken at the same hour daily. The lower curve 
represents the daily reaction to two doses of tuberculin; the solid line, the 
reaction to the larger dose of .000,1 mgm. P.P.D., and the dotted line the reac- 
tion to the smaller dose of .000,01 mgm. P.P.D. 

An analysis of the tuberculin curve shows 37 distinct peaks of increased 
sensitivity to tuberculin. If these are compared with the diastolic blood- 
pressure curve for the same days, 87 per cent of these peaks are synchronous 
with a falling diastolic pressure following a distinct pressor episode, that is, 
with relaxing vascular spasm and the attendant increase in vascular perme- 
ability. Several examples of these episodes are indicated by the arrows a, b, 
c, d, e and f. 

Applying the same method to the periods of decreased sensitivity to tuber- 
culin, we have 10 days in May and June when the reaction to the smaller dose 
of tuberculin was entirely negative. Eight of these ten episodes are clearly 
synchronous with increasing diastolic blood-pressure and the attendant de- 
creased vascular permeability associated with vascular spasm. 


Figures 3 and 4 show similar curves for two different periods of observation 
on patient 2 (C. K.), diagnosed as silicosis and moderately advanced pulmonary 
tuberculosis. The first tuberculin curve shows 35 peaks of tuberculin sensi- 
tivity of which 77 per cent are clearly associated with a falling diastolic pressure 
following a pressor peak. The second graph for this patient (figure 4, October, 
1936 to March, 1937) shows 30 distinct peaks of tuberculin sensitivity, of 
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Fic. 4. Comparison of blood-pressure and tuberculin curves for patient 2 (C. K.) from October, 1936 to February, 1937. 


schema is the same as in fig. 3. 


For discussion see text. 
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which 83 per cent are correlated with a falling diastolic pressure. Typical 
examples are indicated by arrows a, b, c and d in both charts. 


Figure 5 shows the curve for patient 3 (H. G.), diagnosed as moderately ad- 
vanced pulmonary tuberculosis with cavitation. The tuberculin curveshows 
14 distinct peaks of tuberculin sensitivity of which 78 per cent are correlated 


Pt HG. 
, *96 
Fic. 5. Comparison of blood-pressure and tuberculin curves for patient 3 (H. G.) from 


December, 1936 to February, 1937. The schema is the same as in the preceding figures. 
For discussion see text. 
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with falling diastolic pressures. Episodes a, b and c, indicated by arrows, are 
examples. 


Figure 6 shows a similar curve for patient 4 (W. K.), a case of tuberculous 
pneumonia with death six months after onset of symptoms. The tuberculin 
curve shows 10 peaks of sensitivity, of which 90 per cent are correlated with 
falling diastolic pressure. 
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Figure 7, showing tke curve for control subject 1, also shows 6 peaks of 
tuberculin sensitivity, of which 5 or 83 per cent are correlated with a falling 
diastolic pressure. 


Figure 8 shows the curves for control subject 2. The tuberculin curve shows 
6 peaks of tuberculin sensitivity, 100 per cent correlated with a falling diastolic 
pressure. Examples of individual episodes are indicated by arrows a, b and c. 


NQ 


Fic. 6. Comparison of blood-pressure and tuberculin curves for patient 4 (W. K.) for 
October and November, 1936. The upper solid black area represents the systolic (SBP) and 
diastolic blood-pressures. The lower curve represents the von Gréer products for the reac- 
tion to the tuberculin. In this case it was necessary to use larger doses; the solid line is the 
reaction to the larger dose of .001 mgm. and the dotted:line the reaction to the smaller dose 
of .000,1 mgm. P.P.D. There are 10 well defined episodes of increased sensitivity to tuber- 
culin of which 9, or 90 per cent, are associated with a falling diastolic pressure. The arrows 
a, b, c and d indicate examples. 


Finally, a comparison of the tuberculin curve of different subjects observed 
over the same period, shows a striking tendency for the peaks of tuberculin 
sensitivity to be synchronous, and the form of the curves to be roughly similar. 
Figure 9 shows segments of the tuberculin curves for 4 subjects (two patients 
and two controls) for a period in December, 1936, which happens to be the 
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Fic. 7. Comparison of blood-pressure and tuberculin curves for control subject 1 for 
November and December, 1936. The schema is the same as for preceding figures. For 
discussion see text. 
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Fic. 8. Comparison of blood-pressure and tuberculin curves for control subject 2 for 
November and December, 1936. The schema is the same as for preceding figures. For 
discussion see text. 
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Fic. 9. Comparison of tuberculin curves for two patients and two control subjects for December, 1936, with superimposed meteorograph. The 
circled 1 and arrow indicate an increased reaction to tuberculin occurring on the same day in all four subjects, and corresponding to a barometric peak 
on the meteorograph (heavy line in curve 1 represents the barometric pressure). The similarity of the tuberculin curve for this entire week in all sub- 
jects is striking. Arrow 2 indicates a similar peak in the tuberculin curve for patients 2 and 3, again corresponding to a barometric peak in curve 1. 
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only period when observations were made simultaneously on this number of 
subjects. A meteorograph for the period of observation is superimposed. 
The first episode marked by an arrow is a sharp polar infall on December 6 
and 7. This is followed in all 4 subjects by a peak in tuberculin sensitivity 
one day later, on December 8. The form of the tuberculin curve for this week 
in all four subjects is strikingly similar. 

The other episode of increased sensitivity to tuberculin in subjects 1 and 4, | 
indicated by an arrow, is on December 22 and corresponds to a barometric 
crest following a sharp polar infall. 


SUMMARY AND CONCLUSIONS 


1. There is a definite correlation between the quantitative variations 
in the tuberculin reaction and the state of the peripheral vessels as 
measured by daily diastolic blood-pressure levels. In this series of six 
subjects the correlation ranges from 77 per cent to 100 per cent. 

2. Periods of peripheral vasoconstriction, characterized by increasing 
diastolic blood-pressure, are accompanied by a decreased reaction to 
tuberculin, and in several instances by completely negative reactions 
to the smaller dose of tuberculin. 

3. Periods of peripheral vasodilation, characterized by a falling dias- 
tolic blood-pressure following a definite pressor peak, are accompanied 
by increased reaction to tuberculin. This exaggeration of the tuber- 
culin reaction is most marked immediately following a marked pressor 
episode, and may subside with complete vasodilation. 

4. In all subjects studied over the same period, the trend of the tuber- 
culin reaction at the same time is roughly parallel; that is, the ‘“‘peaks 
and troughs” of the curves for the different subjects coincide more or less 
closely. This is in accord with the work of Petersen (4), who has shown 
that vasoconstriction and vasodilation, reflected in the blood-pressure 
readings, are largely influenced by the meteorological environment, 
particularly by the infall of polar air, which causes peripheral vasocon- 
striction, and is reflected as the “‘pressor episode.”’ 

5. The mechanism of these variations in the tuberculin reaction ap- 
pears to be one of periodic changes in vascular and tissue permeability, 
affecting the extent of local exudation in response to a definite dose of 
tuberculin. The increased permeability may also result in an actually 
increased sensitivity of the cells to tuberculin. 

6. The vascular pressor episode may be reflected not alone in variations 
in the tuberculin reaction but also in clinical symptoms and chemical and 
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serological changes. The detailed treatment of these must be reserved 
for a later paper. 
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THE POSSIBILITY OF SENSITIZATION TO 
TUBERCULIN"? 


WALDO E. NELSON, A. GRAEME MITCHELL anp ESTELLE W. BROWN 


The question whether tuberculin may have sufficient antigenic ca- 
pacity to induce hypersensitivity to itself has been raised on numerous 
occasions. If this were the case, the value of tuberculin in the detec- 
tion of tuberculous infection would be limited to the results of a single 
injection. 

It is well known that sensitization to the tubercle bacillus varies in 
degree in different persons as well as in the same person at different times, 
and that comparatively large amounts of tuberculin are sometimes 
required to elicit a reaction. It has been shown that acute infections 
(1), ultraviolet irradiation and other factors may temporarily depress 
tuberculin hypersensitivity and also that there is a depression of allergy 
in the terminal stage of tuberculosis (2). The work of Johnston (3) 
indicates that allergy induced by the primary invasion of the tubercle 
bacillus in the human host tends to follow the course of the infection. 
The greatest response to tuberculin is obtained during the height of the 
lymph node involvement and decreases as healing ensues. Stewart’s 
(4) observation that smaller tuberculin reactions occur in adults than in 
children when the same dosage is employed lends support to this theory. 
In view of these observations, one naturally wonders to what degree 
these and other factors may diminish allergic response. It has been 
stated that it may disappear entirely. Whether this is true or whether 
the allergic response is simply lower than the level elicited by the max- 
imum amounts of tuberculin ordinarily used for skin testing is an un- 
answered question. 

Sensitization of nontuberculous guinea pigs to an aqueous extract of 
the tubercle bacillus was demonstrated by Baldwin (5) and by Krause 
(6). However, attempts to sensitize to Old Tuberculin have not been 


1 From the Children’s Hospital Research Foundation and the Department of Pediatrics, 
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uniformly successful. In the studies in which sensitization has been 
reported it would appear that it has been due to substances in the culture 
media (7, 8) and not to the products of the tubercle bacillus itself. A 
brief review of the literature on this subject is to be found in an article 
by Aronson and Nicholas (9). 

With the introduction of purified tubercle bacillus protein (T.P.T. 
(10) and MA-100 (11)) for tuberculin testing, the possibility that tuber- 
culin-induced tuberculin hypersensitivity might occur was again sug- 
gested. Aronson and Nicholas (9), on retesting a group of children who 
had failed to react three months previously to O.T. and MA-100, ob- 
served reactions to both tuberculins, but there were many more reactions 
to MA-100 than to O.T. The majority of these reactions reached their 
maximum size in 24 hours and were characterized by a soft, boggy oedema 
in contrast to the dark red, indurated reaction at 48 hours of the usual 
tuberculin reaction. These authors interpreted the increased number of 
reactions to MA-100 as evidence of sensitization induced by previous 
injection of this tuberculin. Steele and Willis (12) likewise believed 
that they had induced sensitization to both T.P.T. and O.T. by a series 
of three injections of each. However, they found a greater number of 
reactions to O.T. on subsequent tests. In contrast to these results 
Barnwell and Pollard (13) secured a greater number of reactions to 
T.P.T. than to O.T. both with original and repeated tests with larger 
dosage and felt that this phenomenon was not due to sensitization but 
rather to the detection of a greater number of persons with tuberculous 
allergy, and also that the larger number of reactions to T.P.T. was 
evidence of the greater sensitivity of this tuberculin. In support of 
this view they called attention to the fact that they were unable to sen- 
sitize 39 new-born infants by repeated injections of O.T. and T.P.T., and 
also that a number of young adults failed to react to from 5 to 24 repeated 
tests with both O.T. and T.P.T. 

Our own interest in this problem was stimulated by the observation 
that there was an increased percentage of reactions in a group of children 
who were being tuberculin tested at yearly intervals. In 1932 O.T. 
alone was employed and in 1933 simultaneous tests were made with 
O.T. and MA-100 and a second test was performed with increased doses 
of each tuberculin in the negative and doubtful reactors. The histo- 
grams in chart 1 show the similarity of the response to O.T. in 1932 and 
1933. In contrast to these results, we found in 1934 that there was 
a distinct increase in the number of reactions both to O.T. and MA-100. 
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This increase was due largely to a greater number of small reactions. 
The explanation of this greater percentage of reactions was not known, 
and, although it was realized that many of them were of questionable 
significance because of their small size, two possible explanations were 
considered: first, that they were due to recent tuberculous infection, and 
second, that they represented tuberculin-induced sensitization. ; 
Seibert (14) and later Smithburn, Sabin and Geiger (15) demonstrated 
conclusively that nontuberculous experimental animals could be sen- 


TUBERCULIN REACTIONS IN 236 CHILDREN FOLLOWED FOR 3 YEARS 


236 children tested for 
i% time with O.T. 0.10 mgm. 294 time with O.T. 0.10 mgm. 
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Cart 1. Histograms illustrating the frequency and size of tuberculin reactions in a 
group of children at three annual injections. Note the increased number of small reactions 
to the test in January, 1934. 


sitized readily to tuberculoprotein (T.P.T. and MA-100). In contrast 
Seibert (14) found that a preparation of O.T. (O.T.T.) had little or no 
sensitizing property. Later she (16) showed that the antigenic capacity 
of tuberculoproteins was related to their molecular size. Thus, T.P.T. 
and MA-i00, which are of relatively large molecular size, are good 
antigens in contrast to the poor antigenicity of O.T. whose protein has 
a low molecular weight. By treating tuberculoprotein with weak alkali 
or by heating it, Seibert (17) was able to produce a tuberculin (P.P.D.) 
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of low molecular weight which retained its ability to detect tuberculous 
allergy and yet was not antigenic for animals. Seibert (18) found 
subsequently that adsorption of tuberculoprotein of low molecular weight 
to aluminium hydroxide or to charcoal restored its antigenic properties. 
This is of interest in that practically all of the workers who have reported 
sensitization to O.T. have used some additional substance (19) such as 
the serum of various animals, different vaccines and the like. There is 
suggested the possibility that a haptene phenomenon is concerned, 
according to the theory of Landsteiner (20). Reichle and Goldblatt 
(19) reported sensitization of guinea pigs with both O.T. and T.P.T. 
together with various adjuvant substances such as horse serum and eye 
fluid of normal guinea pigs, as well as sensitization of two animals with 
O.T. alone. They believed, however, that it was probable that an 
adjuvant substance is not necessary and that the essential element in the 
successful artificial sensitization to tuberculin is the tuberculin itself. 

In view of these varied results it seemed advisable to attempt to 
answer the question: Is tuberculin, in amounts ordinarily used for skin 
testing, capable of producing sensitization to itself in man and, if so, do 
different tuberculins vary in this respect? A study was planned to test 
this question and it was decided to use O.T. for the first injections to 
eliminate the positive tuberculin reactors. At the suggestion of Esmond 
R. Long, the study was postponed until P.P.D. was available. It ap- 
peared justifiable to use this tuberculin for the “‘screening tests” in view 
of Seibert’s (16, 17) evidence of its nonantigenicity. 


METHOD OF STUDY 


We had planned originally to eliminate from a large group of children 
all those who had positive tuberculin reactions, and, in separate groups 
of the negative reactors, to make two injections of P.P.D., O.T. and 
MA-100, respectively, at intervals of 48 hours. Subsequently, tuber- 
culin tests with P.P.D. were to be made in the three subgroups as well 
as in a fourth or control group at weekly intervals for two weeks and then 
at monthly intervals for two or three months. (See table 1.) The 
results were so irregular and inconsistent that it not only seemed ad- 
visable to make more tests in this group, but also to perform a similar 
series of tests in another group of children. Testing of this second group 
appeared to be particularly necessary, since all of the children of the 
first group received P.P.D. in eight or more tests. If, therefore, this 
tuberculin had an antigenic effect, all of the children would have been 
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affected by it. The second group (tables 5 & 6) was divided equally into 
two subgroups, the one receiving O.T. throughout, and the other P.P.D. 
This group was composed of infants and small children and, although 
the rates of reactions* were much lower than in group 1 (tables 1 & 3), 
the same inconsistencies were observed in the individual responses. 
Twenty-four hour readings were made only in the last test (test 14) of - 
the first group and in the last two tests (tests 9 and 10) of the second 
group. In each instance the mean size of the reactions for the group was 
larger at 24 hours than at 48 hours. The question was raised whether 
this peak response at 24 hours might be evidence of a low degree of tuber- 
culin allergy, possibly induced by the previous tuberculin injections. 
Two other groups (groups 3a and 3b) were selected, one for P.P.D and 
the other for O.T., and repeated tests were performed (tables 7, 8 & 9) 
in which readings were made in all tests at 24 and 48 hours. 

Except in group 2 the sites of the injections were varied to avoid the 
possibility of local sensitization. In group 2 the flexor surfaces of the 
two forearms were alternately employed so that the same site was used 
for every other injection. 


Detail of Groups 


Group 1: (Tables 1, 2, 3 & 4) A group of 613 children living in the Ohio 
Soldiers’ and Sailors’ Orphans’ Home at Xenia, Ohio, who had not 
been tuberculin tested previously, were injected intracutaneously with 
0.000,02 mgm. of P.P.D. Of these, 111 had reactions 5 mm. or larger 
in diameter and were not tested further. Forty-eight hours after this 
first test, the remaining 502 children were injected intracutaneously 
with 0.005 mgm. of P.P.D. and in 311 there were no reactions whatsoever 
at the end of 48 hours. These 311 children constituted the test group. 
They were divided into four groups of essentially equal size and of equal 
age distribution (4 to 18 years). One group was designated as a control 
group and was not tested in tests 3 and 4; the other three subgroups 
received respectively, at intervals of 48 hours, two injections of 0.1 cc. 
of 1:100 O.T., 0.005 mgm. of P.P.D. and 0.001 mgm. of MA-100 (tests 
3 & 4, table 1). All four subgroups were injected with P.P.D. in tests 
5 to9 inclusive. The intervals between tests are shown in table 1. Test 
9 was performed after the children had returned to the Home from their 


* The term “rate of reaction’’ is used in the text and in the tables to indicate the numerical 
response of the group and not the speed of development of the skin reaction. For example, 
“0.220” is 220 positive reactions per 1,000 tested subjects, or, in other words, 22 per cent. 
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TABLE 1 
Summary of group 1—Repeated tests with various tuberculins 


SECTION 2 


7 8 

| P.P.D. 
.00 .005 
mgm. gm. 


Whole Group 
613 


P.P.D. Group* 4 16.3 |S. 12.4 
0.T. Group 7 3 11.4 


MA-100 Group ‘ , 14.2 
Control Group 14.1 


Whole Grow 
P.P.D. 0. 0.470} 0.152 
Ratef {|} O.T. Group .093 0.386) 0.112 
MA-100 Group .096 0.493} 0.214) 0.043 
Control Group 0.406} 0.212 


Days after preceding test 2 21 140 56 28 
Days after test 1 2 4 15 22 78 218 274 302 


B 
N 
a 
fa 


* The four subgroups are composed of 311 children who had no reaction whatsoever at 48 hours in tests 1 and 2. 

P.P.D. was employed in all children in tests 1 and 2, 5 to 9 inclusive, and in test 14. 

The tuberculins which designate the groups were employed in tests 3 and 4 and in tests 10 to 13 inclusive. 

The “probable error’ for the calculations in this and subsequent tables has been determined. The data have been omitted from the tables 
for = sake of simplification. Copies of the complete tables including the calculations of the “P.E.’’ may be had upon request from the 
authors. 

t Indicates mean size in mm. of all measurable reactions having oedema and erythema at 48 hours. 

seein rates of positive reactions (see footnote 3 of text), that is, all reactions 5 mm. or greater in diameter having oedema and 
erythema. 
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summer vacations. Tests 10 to 14 inclusive were designed to measure 
the effects of monthly injections (P.P.D. and MA-100 groups) in contrast 
to a longer period without injections (O.T. and control groups) and also 
to test further the differences in response to P.P.D. and MA-100. Dur- 
ing the two years since the first test was performed in this group, 163 new 
children were admitted to the institution. An attempt was made to 
determine if there was any difference in the response of this group (not 
previously tested with tuberculin) to 0.005 mgm. of P.P.D. from that of 
children in the group who had received 14 repeated tests. All of the 


children in the institution were tested with 0.000,02 mgm. of P.P.D. 
and those who failed to have positive reactions were retested 48 hours 
later with 0.005 mgm.‘ The rates of reactions of the children who had 
received 14 injections of tuberculin are compared in table 4 with the new 
group of children who had not been tuberculin tested previously. 


TABLE 2 


Comparison of 24- and 48-hour reactions of test 14, group 1—all groups tested with 
0.005 mgm. P.P.D. 


P.P.D. 
GROUP 


0.T. GROUP 


ma-100 
GROUP 


CONTROL 
GROUP 


11.3 
4.9 


0.701 
0.064 


13.5 
10.1 


0.829 
0.229 


13.7 
9.3 


0.761 
0.179 


12.6 
8.6 


0.712 
0.212 


Only those reactions having both oedema and erythema and which 
were 5 mm. or larger in diameter were considered to be positive and, 
therefore, to be included in ‘Rates of Reactions” in table 1. The 
“Sizes of Reaction” in table 1 are measurements of erythema since 
oedema was not separately measured until after test 6. However, no 
reaction without oedema is included in this table. Separate oedema and 
erythema measurements were made in tests 7 to 14 inclusive, and also 
in all tests in the other groups which are detailed in other tables. In 
all but tables 1, 2 and 3, all “Sizes of Reactions’ and “Rates of Re- 
actions” are based upon readings of oedema. The differences arising 
from calculations based on measurements of oedema in contrast to 
measurements of erythema will be considered later. 


* None of the children who had had 14 injections of tuberculin had positive reactions to 
the test with 0.000,02 mgm. P.P.D. 
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TABLE 3 
Examples of response to repeated tests in individual children from group I 


MEASUREMENT OF ERYTHEMA, ALL REACTIONS 


HAD OEDEMA MEASUREMENT OF OEDEMA 


SUBGROUP* 


Test 1 |Test 2| Test 3 | Test 4 | Test 5 | Test 6 Test 9 | Test 10} Test 11 Test 13 | Test 14 
8.5 117.5 5.0 | 13.3] $.5 7.0 5.0 
5.0 11.0 | 5.6 one 
5.0 


11.0 


P. 
M 


Not tested 
Not tested.... 


O. Not tested...... 


=) 
< 
N 
_ 
77) 


Not tested , Not tested 

Not tested 43.5 | Not tested in subsequent tests 
Control Not tested 8.0 | 5.0 | Not tested 

Not tested 12.5 Not tested 
Not tested Not tested 


* P.P.D. was employed in all children in tests 1 and 2, 5 to 9, inclusive, and in test 14. 

The tuberculins which designate the subgroups were employed in tests 3, 4 and 10 to 13, inclusive. 
Measurement = Mean diameter in mm. 

Only reactions with a diameter of 5 mm. or more are recorded here. 
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TABLE 4 


Comparative rates of positive reactions to 0.005 mgm. P.P.D. of a group of children who had 
received repeated injections of tuberculin with those of a group who had not had 
repeated injections 


TEST 14 TEST 16 
MARCH, 1936 FEBRUARY, 1937 


24 hr. 48 hr. 24 hr. 48 hr. 


Previously tested* 0.645¢ | 0.139¢ | 0.670 | 0.242 
Not previously tested** 0.731 0.323 


* Combined subgroups of group 1. Entirely negative to tests 1 and 2, varying rates of 
reactions in subsequent tests. 

** Children in same institution who had not been tuberculin tested previously except for 
“screening” test with P.P.D. 1 and O.T. 1 forty-eight hours before. None of the children 
included here had positive reactions to the first test. 

+ These rates are based only on the data of the 231 children who were retested in Feb- 
ruary, 1937. 


TABLE 5 
Summary of group 2—Percentage of reactions 5 mm. or greater in diameter at 48 hours 


SUBGROUP 3A SUBGROUP 3B 


P.P.D. 
(45 CASES) (47 CasEs) 


Number Per cent Number Per cent 


6.67 
8.89 
0 
11.11 
6.67 
11.11 
6.67 
13.33 
15.56 
13.33 


SO W 

No 


awe do 
COW Ww 


WD 


Total number re- 
actors in 10 


16 7 


Sizes and rates are based on measurements of oedema. 


Group 2 (a & b): (Tables 5 & 6) A group of 95 infants and children, 
residents of the St. Joseph’s Infant Asylum, ranging in age from a few 
weeks to six years, was divided into two equal subgroups, each with an 
equal age distribution. One subgroup was tested throughout with 
P.P.D. (group 2a) the other with O.T. (group 2b). Subgroup 2a re- 


GROUP 
| 
7 0 0 
} 2 2 
| 2 4 
2 6 
9 15 
7 22 
35 57 
21 78 
4 71 149 
62 211 
| 
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ceived 0.000,02 mgm. of P.P.D. in test 1 and 0.005 mgm. in the remaining 
ones. Subgroup 2b received 0.1 cc. of 1:1000 O.T. in the first test and 
0.1 cc. of 1:100 in subsequent tests. In order to see whether there were 
any differences in the response to repeated tests in children who had small 
and questionably positive reactions in tests 1 or 2 in contrast to those 
who had no reactions in these tests, all of the children, except one who 
had a definitely positive reaction, were included in the subsequent tests. 
In this respect this group was, therefore, treated differently from the 


TABLE 6 
Examples of response to repeated tuberculin tests in individual children from group 2 


— 


or 


EVIDENCE OF TU- 
BERCULOSIS 


TIONS 


TOTAL NUMBER 
POSITIVE REAC 
ROENTGENOLOGICAL 


o 


43 


53 
56 


o~wvo 


6 
19 
32 
44 3.5 0 | 3.5 
| 49 | 3.5 


© 


Measurement = mean diameter in mm. of oedema. 
All measurable reactions are recorded. 


first. Ten injections were made, the first eight of which were at the same 
intervals as those of the first group. 


Group 3: (Tables 7, 8 & 9) One group (subgroup 3a) of 51 children, resi- 
dents of Glenview School, was tested entirely with P.P.D. and another 
group (subgroup 3b) of 75 children, residents of the Madisonville Chil- 
dren’s Home, was tested with O.T. The children in these groups ranged 
in age from 4 to 18 years. The dosages employed were the same as in 
group 2, a small dose for the first test and a larger one for the later tests. 
It was planned to make four tests in each group at 48-hour intervals 
and subsequent ones at periods of four weeks. Those children who had 


CASE 
8 7 7.5 | 3.0 | 4.0) 4.5 a 
m@ | 3.0 3.0 3.0 | 4.5 3.0) 3.0 
P.P.D. 50 | 5.5 | 4.0 4.0 | 4.0 3.5 | 3.0 | 4.0) 3.5 
| 3.0 | 5.0 10.0 |14.0 |20.0 6.5 | 6.0) 3.5 
6.0 | 2.5 | 3.0 | 4.0} 3.0} 6.5 | 2.0 | 3.0 | 3.0) 8.5 
3.0 4.0 
4.0 8.5)10.0 0 
O.T. 15.0 9.5 | 8.5) 5.5 0 
2.5 8.0) 3.0 
4.0 3.0 | 3.0) 3.0 
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definitely positive reactions in tests 1 or 2 were eliminated from the 
subsequent tests, but, as in group 2, the children who had small, ques- 
tionably positive reactions in tests 1 or 2 were included in the subsequent 
tests. Both 24- and 48-hour measurements of oedema and erythema 
were recorded. So many of the children in the P.P.D. group were 


TABLE 7 
Summary of group 3a—repeated tests with P.P.D. 


TEST 1 
0.000,02 mcm. 


TEST 2 
0.005 mom. 


TEST 3 
0.005 ucm. 


TEST 4 
0.005 mcm. 


3.2 
3.2 


7.4 
5.3 


7.2 
6.3 


0.278 


8.9 
6.2 


0.833 
0.500 


Days after preceding test 


2 


2 


Days after test 1 


4 


6 


Sizes and rates are based on measurements of oedema. 


TABLE 8 


Summary of group 3b—Repeated tests with O.T. Mean size in mm. of all measurable reactions 
having oedema and erythema. Rates of all positive reactions 


TEST 1 
1: 1000 


TEST 2 TEsT 3 
1:100 1:100 


TEST 4 TEST 5 
1:100 1:100 


TEST 6 
1:100 


TEST 8° 
1:100 


4.5 
3.5 


0.052 


6.8 5.9 
4.9 5.5 


9.3 8.6 
6.4 6.3 


12.0 
9.4 


0.758 
0.275 


6.4 
7.5 


0.500 
0.396 


195 


Days after preceding test..... 28 
Days after test 1 62 292 


* Ten children less than in previous tests. 
** Sizes and rates are based on measurement of oedema. 


eliminated either because of positive reactions in tests 1 and 2 or because 
of sickness that this group was discontinued after the fourth test. 


Group 4: (Chart 2) The question was raised whether the smaller re- 
actions with a maximum size at 24 hours, which occurred as early as the 
second test in both subgroups of: group 3, were nonspecific responses 
to a concentrated testing solution. For this reason it was decided to 


| 
i 
| 
7 | | | | aoe? | 
| tic | 

6.4 
Raters (24hr........| MMM 0.552 | 0.293 | 0.758 | 0.758 0.741 
| 48 hr........ 0.190 | 0.155 | 0.379 | 0.310 0.448 
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test a number of infants with simultaneous injections with the first and 
second testing strengths of O.T. and P.P.D. respectively. Each infant, 


TABLE 9 
Examples of response to repeated tuberculin tests in individual children from group 3a 


TIVE REACTIONS 
EVIDENCE OF TU- 
BERCULOSIS 


ROENTGENOLOGICAL 


NUMBER OF POSI- 


nn 


24 hr. 
48 hr. 


~ 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 6.0 


62 48 hr. 


Measurement = Mean diameter in mm. of oedema. 
Only reactions with a diameter of 5 mm. or more are recorded here. 


therefore, received four simultaneous tuberculin injections. The infants 
ranged in age from 18 days to 14 months and were residents at Maple 
Knoll, a foundling institution. 


At 
| 
vEsT 2 | rest 3 | rest4| test S| resr6| test? | rest 8 | 
5 5.0 | 12.0 | 12.5 | 14.0 | 18.5 
12.5 | 10.0 
5 8.0 9.0} 10.0 | 12.0 | 12.5 | 11.5 6.5 | 0 
9.5 9.0 5.5 3 
14 } | 6.5 | 10.0 7.0 | 18.0 8.0 | 18.0 | 13.0 5.5 8 > 
535 12.0 7.0 3 
a1 8.5 6.5 | 14.5} 9.0] 6.0 7 + 
7.0 5.0 6.0 6.5 4 
10.0 12.0 5.0 3 
24 { 11.0 8.5 5.0} 3 
6 S| 9.0 8.0 | 14.0 | 10.0 | 12.0 9.0 9.0 7 5 
8.0 | 12.0 | 10.5 3 
0 
44 7.0 1 11.0 | 13.0 33.0 | 19.0 | 21.01 17.06 | 12.0 8 + 
6.5 8.0; 8.5 8.5 | 18.5 9.5 | 10.0 7 
47 S| 8.5 19.0 | 13.5 | 15.5 | 10.5 5 0 
10.0 | 21.0 | 12.0 | 14.0 |} 15.0 | 13.0 6 
6.0 | 15.0 6.5 | 10.0 7.5 6 0 . 
10.0 6.0 2 
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Roenigenographic studies: Roentgenograms of the chests were made of 
approximately half (chosen alphabetically) of the children in group 1 
(Xenia), in all of group 3 (Glenview and Madisonville), of six children 
of group 2 who had positive reactions at one time or another, and of the 
five infants in group 4 (Maple Knoll) who had the largest reactions. 


SIMULTANEOUS INJECTION OF DIFFERENT STRENGTHS OF 
0.T AND PPD IN A GROUP OF INFANTS 


—> = Mean size of all readable reactions 


Cuart 2. Simultaneous injections of different strengths of O. T. and P. P. D. in a group 
of 24 infants who had not been tested previously with tuberculin. The infants ranged in age 
from 18 days to slightly over one year. 


DISCUSSION OF DATA 


What constitutes a positive tuberculin reaction? In view of the great 
number of small reactions it is desirable to discuss briefly the criteria 
acceptable as constituting a positive tuberculin reaction. It is generally 
stated that a positive cutaneous reaction to tuberculin is manifested by 
oedema and erythema at the end of 48 hours (21) and that the area of 
oedema should be more than 5 mm. in diameter (22). If there is no 
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oedema the reaction is not considered positive (21, 22). Judged by 
these criteria, we observed a considerable number of nonspecific reactions 
in all groups. In some instances there was erythema without oedema, 
in others a positive reaction at 24 hours with a subpositive reaction or 
with complete fading at 48 hours and in a considerable number of in- 
stances subpositive reactions at both 24 and 48 hours. Some children 
had subpositive reactions in all tests but more commonly there was an 
intermingling of positive and subpositive reactions. It is also to be 
noted that there was no correlation of the roentgenological findings with 
the different types of response to tuberculin. Evidences of intrathoracic 
tuberculosis were observed in children who had positive tuberculin 
reactions in tests 1 or 2, in those who had positive reactions only in one 
or more tests subsequent to the first two tests, and in those who had 
never more than a subpositive reaction. 

Erythema versus oedema measurements: In some instances in which 
there was only erythema 48 hours after the injection there had been 
indurations at 24 hours. In others there was erythema without indura- 
tion at 24 hours which at times persisted for 48 hours and in others had 
disappeared at this time. Although in some instances there was roent- 
genographic evidence of tuberculosis in children who had reactions con- 
sisting only of erythema, no reactions without oedema were considered 
to be positive. However, since the calculations of the first group were 
based on readings of erythema, it seemed advisable to see what differ- 
ences, if any, existed between rates of positive reactions (5 mm. or greater 
in diameter), based separately on measurements of erythema and of 
oedema in reactions having both of these characteristics. The results 
from the Madisonville group (group 3a) were analyzed from this stand- 
point. The mean sizes of all reactions in the first seven tests of this 
series were 10.03 mm. for erythema and 7.96 mm. for oedema respec- 
tively, at 24 hours; and 7.99 mm and 6.06 mm. respectively, at 48 hours. 
Although these differences between the measurements of erythema and 
oedema are significant in each instance, the variations between the mean 
sizes in each test (1 to 7 inclusive) would not make a difference between 
positive and negative reactions for the entire group. However, if the 
measurements of erythema were accepted as the criterion for a positive 
reaction instead of the measurements of oedema, it will be noted in 
table 10 that there would have been a greater number of positive reac- 
tions both at 24 and 48 hours. Thus, the rates recorded for the Xenia 
group (group 1) were higher than if they had been recorded on the basis 
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of measurements of oedema, although the pattern of response for the 
group was not altered (table 1). Measurements of oedema were recorded 
for the Xenia group in tests 7 to 14 inclusive, and it was observed that 
the rate in this group (P.P.D.) was distinctly lower than in the Madison- 
ville group (O.T.). This may represent different degrees of tuberculous 
infection in the two groups. 


TABLE 10 
Comparison of measurements of oedema and erythema at 24 and 48 hours from group 3a 


NUMBER POSITIVE REACTORS 


Erythema Oedema 


24 hr. 3 3 
48 hr. é 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 


24 hr. 
48 hr. 18 16 


24 hr. 45 43 
48 hr. 27 26 


24 hr. .03 34.29 32.43 
48 hr. .99 19.33 17.0 


Twenty-four versus 48-hour readings: It seems to be generally accepted 
that the skin reaction to a tuberculin injection reaches its peak sometime 
after 24 hours and that 48 hours is the most satisfactory time for reading 
the test. In our experience this was true for strongly positive reactions 
but not for the smaller ones. It will be seen in tables 7 and 8 that the 
size of the reaction at 24 hours was larger in all tests except test 8, table 
8. This is shown for the individual child in table 9. Statistical analysis 
of the reactions at 24 and 48 hours in table 9 shows conclusively that the 


MEAN SIZE IN MM. ee 
TEST NUMBER 
Erythema Oedema 
9 P| 8.7 6.8 32 32 
7.3 4.9 16 11 
P S| 8.9 5.9 20 17 
6.3 5.5 9 9 
‘ S| 11.3 9.3 46 44 
10.0 6.4 26 22 
5 12.7 8.6 50 44 
| 8.5 6.3 20 18 
6 | 
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size and the number of reactions were significantly greater at 24 hours in 
tests 2 to 7 inclusive than at 48 hours. While it is possible that a 24-hour 
peak response with partial or complete fading at 48 hours is evidence of 
a nonspecific reaction, this may not be invariably true in view of roent- 
genological evidence of tuberculous lesions associated with such reactions. 
This will be illustrated in a subsequent publication (23). In some in- 
stances we observed the type of maximum 24-hour response as described 
by Aronson and Nicholas (9), namely, that the color was a lighter red 
or pink and the area of induration was “‘boggy” or less tense than usual. 
Since this type of skin reaction was observed as early as the second 
injection and only 48 hours after the first injection, one could scarcely 
attribute it to tuberculin-induced sensitivity. It appeared more prob- 
able that the 24-hour maximum response was due, at least in some 
instances, to a low degree of allergy. That it might result, however, 
from artificially induced tuberculoprotein sensitivity does not seem im- 
probable. In fact Smithburn, Sabin and Geiger (15) state that in 
guinea pigs which were sensitized to MA-100 tubercle bacillus protein 
some of the reactions were at their maximum size at 24 hours. 
Technical factors: In view of the possibility that the smaller 24-hour 
peak reactions which occurred as early as the second test (tables 8 and 9) 
were nonspecific responses to a concentrated testing solution it was 
decided to test a number of infants with simultaneous injections of the 
first and second testing strengths of O.T. and P.P.D. respectively. 
Thus, each infant received four simultaneous tuberculin injections. 
The infants ranged in age from 18 days to 14 months. The results of 
the skin tests are shown in the histograms of chart 2. The reactions at 
24 hours were invariably larger than those at 48 hours. It was observed 
that there were distinct differences for the four testing solutions. In 
order of their ability to elicit a reaction they were as follows: 0.005 mgm. 
P.P.D., 0.000,02 mgm. P.P.D., 1:100 O.T. and 1:1000 O.T. In regard 
to size of reactions the larger dose of P.P.D. was distinctly more potent, 
1:100 O.T. and 0.000,02 mgm. P.P.D. were essentially equal, and 1: 1000 
O.T. was distinctly weak. Roentgenograms were taken of the chests of 
the five children with the largest skin reactions (all were less than 5 mm. 
of oedema). No evidence of pulmonary involvement was detected. 
Another initial test with 0.005 mgm. of P.P.D. was performed in a group 
of infants in another foundling institution with essentially similar results. 
In view of these observations it seems possible that reactions with 
oedema up to 5 mm. in diameter and with slightly larger erythema may 
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be due to nonspecific factors. These observations, however, do not 
invalidate the possibility that reactions of this size or larger, whose 
measurements are greater at 24 hours than at 48 hours, are evidence of 
a specific allergy to tubercle bacillus protein. 

The possibility that errors in technique might account for some of the 
inconsistencies observed to repeated tests in individual children was’ 
considered. For this reason simultaneous injections of 0.005 mgm. 
P.P.D. were made in the right and left forearms of 26 children. There 
were, in general, no differences in the size of reactions for the group. 
The measurements in mm. of oedema were as follows: 8.6 + 0.68 on the 
right arm and 8.8 + 0.61 on the left arm at 24 hours, and 7.2 + 0.62 on 
the right arm and 7.2 + 0.68 on the left arm at 48 hours. The measure- 
ments for erythema were correspondingly similar. However, in three 
children the reactions on one arm would have been considered negative 
and on the other arm positive. The measurements for the two arms 
were as follows: 5 mm. oedema (right), 5 mm. erythema with no oedema 
(left) ; 3.5 mm. oedema (right), 5.5 mm. oedema (left) ; and 5 mm. oedema 
(right), 4.5 mm. oedema (left). These results also illustrate the fallacy 
of accepting too rigidly a minimal standard for positive and negative 
reactions. 

While we do not feel that exact criteria for the separation of specific 
from nonspecific reactions can be stated categorically on the basis of 
present evidence, it would appear wiser to accept as a minimum basis 
an area of induration or oedema of 5 mm. in diameter. Although the 
occurrences of reactions of 3 to 5 mm. in diameter and occasionally 
slightly larger in three different groups of infants suggest the possibility 
of nonspecific irritative reactions, there is a strong possibility that in 
some of these instances such small reactions may be specific responses 
of a very low state of tuberculin allergy. 

The question of induced sensitization: In general the pattern of response 
to repeated injections of tuberculin was similar in all groups. A sig- 
nificant number of children, who had no reaction whatsoever or who had 
small, subpositive or questionably positive reactions in either test 1 or 2, 
had reactions 5 mm. or larger in diameter in one or more of the subse- 
quent tests but there was a distinct lack of consistency in the individual 
response (tables 1, 3,5,6,7,8&9). Examples of the individual reactions 
are shown in tables 3, 6 and 9, In table 6 (group 2) all measurable re- 
actions are shown and it will be noted that in a considerable number of 
instances there were reactions less than 5 mm. in diameter, Similarly 
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4 large number of small reactions was observed in groups 1 and 3, al- 
though only reactions with a diameter of 5 mm. or more are listed in 
tables 3 and 9. 

Group 1: (Tables 1, 2, 3 & 4) In the hope of securing greater simplicity 
for the reader, the data for group 1, which are detailed in table 1, were 
divided into three sections. While we realize that such a division was 
arbitrary, it seemed justified for the purpose of illustrating more clearly 
the following factors: (/) the number of positive reactions which oc- 
curred as early as tests 3 and 4; (2) the similarity of the response of the 
control group to the other three subgroups in test 5, as well as in tests 
6 to 9 inclusive; and (3) the similarity of response of all subgroups when 
the tests were performed with the same tuberculin (tests 5 to 9 inclusive, 
and test 14) and the dissimilarity when different tuberculins were em- 
ployed. (See tables 1 & 2.) 

It will be noted that a considerable number of reactions occurred in 
test 3. This seemed noteworthy since all of the children studied in 
this and subsequent tests had had no reactions whatsoever in the first 
two tests; and since this test was performed four days after the first one, 
there was scarcely a sufficient time to account for the development of 
sensitization from the first injection. The reason for the higher rate 
for P.P.D. in this group is not apparent, although the low rate to MA-100 
may be due to the smaller testing dose. This low rate of reactions to 
MA-100 is continued in test 4 whereas the rates of reactions to P.P.D. 
and O.T. are essentially the same. Tests 5 to 9, in which all four groups 
received P.P.D., are interesting in that all four groups behaved in a 
similar manner. It will be noted that, while there is no significant differ- 
ence in the rate of reactions in test 5 as compared with test 4, in test 6 
there is a marked drop followed by a sharp increase in tests 7 and 8 and 
a decrease again in test 9. We have not been able to find a satisfactory 
explanation of these variations: If they were mirrored in the individual 
responses, one might speculate on such factors as desensitization during 
tests 4 and 5 because of their close proximity or a sensitizing effect oper- 
ating during the longer periods between tests 6 and 7 and between tests 
7 and 8. The smaller rate of reactions in test 9 might then be due to a 
decrease of this artificially induced sensitivity in the 140 days elapsing 
between tests 8 and 9. The marked inconsistency of the reactions of 
individual children, however, makes it difficult to explain these obser- 
vations on a group basis. Examples of reactions of individual children 
are shown in table 3 for this group and in tables 6 and 9 for groups 2 and 
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3a respectively. A point against the factor of desensitization in tests 
3 to 5 inclusive is the behavior of the control group, which, although 
these children received no injections during tests 3 and 4, responded in 
exactly the same manner to tests 5 to 9 inclusive as the other subgroups. 
There were the same individual inconsistencies although the group 
reactions were similar to those of the other three groups. There were 
no epidemics of infections which might have nonspecifically affected 
the skin response during this period, nor were there sufficient climatic 
variations to explain such differences in the short time elapsing between 
tests 6 and 7 and between tests 11 and 12. There appears to be no 
plausible explanation whatsoever for the inconsistencies observed in the 
P.P.D. group in tests 10 to 13 inclusive. The low response to MA-100 
in tests 10 and 11 may again be due to the low dosage (0.001 mgm.). 
Should one then interpret the increased rate in test 12 as the result of 
sensitization in tests 10 and 11 by a protein of high molecular weight? 
This appears highly questionable since a lower rate was obtained in test 
13 when a larger dose of MA-100 (0.005 mgm.) was employed. Test 14, 
in which 0.005 mgm. of P.P.D. was injected in the children of all four 
groups, was designed to test the difference, if any, between the effect of 
repeated injections of tuberculin and a lapse of time (161 days) without 
injection of tuberculin. It appears that under the conditions of this 
experiment there are no differences. All but the P.P.D. group behaved 
in a similar manner. In relation to this, the results of the 24-hour 
reading of this test should be examined (see table 2). The 24-hour 
response in regard to size and percentage of reactions is the same for all 
groups. The P.P.D. group appeared to differ only in the rapidity of 
decrease in size between the 24- and 48-hour readings. 

In table 4 are shown the 24- and 48-hour rates of reactions of those 
children who had had repeated injections of tuberculin in the four sub- 
groups just described and also those of the new children in this institution 
who had not had repeated tuberculin tests. It will be noted that the 
character of the responses of the children who had received repeated 
injections was the same in test 16 as it had been in test 14 (one year 
earlier), and that there was no significant difference in the response of 
this group after two years of repeated tuberculin injections from that 
of the children who had not had repeated injections. (See discussion 
of 24 versus 48 hour size of reactions.) These results seem to us to be 
strong evidence against the argument of tuberculin-induced sensitization 
by the amounts of tuberculin employed in this series. 
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Group 2: (Tables 5 & 6) This group was composed of infants and young 
children. Since there was an insufficient number of positive reactions 
to give a stable rate, the results are stated in percentages and were 
examined by Fisher’s method of the Analysis of Variance. The variation 
between the different tuberculins was so much larger than the variation 
from one test to another that the observed differences could not be 
attributed to a sensitizing effect of either tuberculin. There was a 
higher percentage of positive reactions in test 10 than in test 2 (the 
first test with the larger testing dose), but in actual number of reactions 
this represents a difference of only two in the P.P.D. group and of three 
in the O.T. group. Furthermore, it would appear significant that, 
although there were never more than seven positive reactions in any 
test in the P.P.D. group and more than four in any test in the O.T. 
group, there were 16 different children who had positive reactions in one 
or more tests in the P.P.D. group and seven in the O.T. group. The 
response of the children in group 2 to repeated injections of tuberculin 
does not appear to be due to tuberculin-induced sensitization. There 
were, however, variations in the responses to P.P.D. and to O.T. It 
is not clear whether these were due to differences between the two 
tuberculins or to a difference in the number of children with tuberculous 
infection in the two subgroups. 

Group 3: (Tables 7, 8 & 9) In each of the tests after the first, the 
24-hour reactions were larger and more numerous than the 48-hour 
ones (tables 7, 8 & 9). In contrast to this, those children who had 
strongly positive reactions in tests 1 and 2 had larger reactons at 48 hours. 
Roentgenograms of the chests were made of all the children. Correla- 
tion between the tuberculin reactions and the roentgenographic findings 
was, of course, impossible (23). However, it is significant that nine of 
the eighteen children in subgroup 3a (P.P.D.) had roentgenographic 
evidence of tuberculosis, in five the findings were questionable, and in 
four negative. An interesting example of a primary tuberculous complex 
with an extensive tracheobronchial lymph node involvement is shown in 
the following article ((23) figure 4, case 1C). The skin reaction to tuber- 
culin in this boy was not of sufficient size to be considered positive until 
the fourth test. In this instance it would seem improbable that the 
reaction of the fourth test was due to sensitization induced by the first 
tuberculin injection. 

Sizes and rates of reactions for the 24- and 48-hour readings of subgroup 
3b (O.T.) are shown in table 8, and the individual variations as well as 
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the roentgenological readings in table 9. Since test 7 was the last of the 
series in which there was a relatively short interval between tests, it 
seemed of interest to compare the results of this test with those of the 
second, that is, the first test with the larger dose of tuberculin. Sizes 
and rates of reactions were both greater at 24 and 48 hours in test 7 than 
in test 2. Statistical analysis of these results revealed that both the. 
24- and 48-hour reactions of test 7 were significantly greater at the end 
of the 48 hours. The number of reactions, however, was not significantly 
greater at 24 hours. The explanation of these “significant differences” 
is not clear. Examination of the reactions of the individual children 
(table 9) did not reveal sufficient evidence of progressive increase in the 
reactions to support the theory of induced sensitization. For example, 
in cases 44 and 47, in each of which there is a fair continuity of positive 
reactions after tests 1 or 2, the sizes of the reactions were not appreciably 
different in tests 3, 7 and 8. It is true that both the number and the 
size of reactions were greater in test 3 than in test 2, but in subsequent 
tests there was no significant variation. To us it seemed more probable 
that these children had a low degree of tuberculin allergy from a pre- 
existing tuberculous infection rather than a tuberculin-induced sensitiza- 
tion. The inconsistent results represented by cases 14, 21, 24 and 26 
defy an adequate explanation, but it is possible that they too represented 
an extremely low grade allergy which was readily depressed by more or 
less trivial factors. The results in case 2 were suggestive of sensitization 
by the previous injections, but this type of response was a distinct 
exception and might well be due to a recently acquired tuberculous infec- 
tion. In those instances where there were only one or two reactions 
during the entire series of injections, the question was naturally raised 
whether these might be nonspecific responses. This could not be defi- 
nitely answered. On the other hand, roentgenological evidence of 
tuberculous infection associated with tuberculin reactions of less than 
5 mm. in diameter suggests the possibility that in some instances the 
reactions may be specific. It is not safe, however, to consider them as 
such since intracutaneous injections of physiological salt solution may 
cause reactions of 2 to 4 mm. in diameter at 24 hours and 2 to 3 mm. 
at 48 hours and tuberculin somewhat larger reactions in new-born infants. 

In contrast to the high rate of tuberculin reactions in group 3b the 
roentgenological findings suggestive of tuberculosis were relatively few. 
If the high rate of tuberculin reactions in the later tests actually indicates 
tuberculous infection, it is possible that the small number of positive 
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roentgenological findings may be due to an early stage of the infection 
before calcification has occurred. 

Group 4: In order to ascertain whether the infants in group 4 who had 
received four simultaneous injections of tuberculin had been sensitized 
they were retested 35 days later with 0.005 mgm. of P.P.D. The re- 
sponse was not different from that of the first test with this dosage 
of P.P.D. 

Analysis of results by age groups: (Table 11) In an attempt to secure 
further information which might help to formulate a more definite 
opinion, the data of the various groups were analyzed from the stand- 
point of age. If there were a greater number of reactions in the older 
age group, in which presumably there were more opportunities for 
tuberculous infection, this would be one more argument against the 


TABLE 
Analysis of repeated tuberculin tests by age groups 


AVERAGE NUMBER OF POSITIVE REACTIONS PER REACTOR PER TEST 


Group 2 


Group 3a 


Group 1 


0-1 
14 
5-9 
10 and over 


150 
.153 


381 
325 
457 


178 
.240 


possibility of artificially induced sensitization. Since there may have 
been different amounts of tuberculous infection in the various institu- 
tions, the data from each were analyzed separately. There was a greater 
number of reactions per child per test in the group over 10 years of age 
and a distinctly smaller number among the infants. 

Studies in guinea pigs: In a further study of this problem four groups 
of guinea pigs (3 in each group) were given 10 intracutaneous injections 
of 0.1 cc. of 1:100 O.T., of 0.1 cc. of 1:10 O.T., 0.005 mgm. of P.P.D. 
and 0.01 mgm. of MA-100, respectively, at intervals of 48 hours and 
skin tests were performed at intervals of 2, 3 and 37 weeks respectively. 
There was no evidence of cutaneous sensitization with the amounts of 
tuberculin used. 


SUMMARY 


An attempt has been made to determine whether sensitization to 
tuberculin may be induced in man by amounts ordinarily used in skin 
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testing. Repeated tuberculin tests have been performed in several 
different groups of children who either had no reaction or not more than 
a small questionably positive one in either of the first two tuberculin 
tests. In some instances the evidence is such that induced sensitization 
might be suspected. The general pattern of the response to repeated 
injections, however, cannot be explained on this basis. While we cannot. 
state definitely that the response to subsequent tuberculin injections 
has not been affected in some degree by the preceding ones, it would 
appear that other factors are concerned to a greater extent. That 
sensitization has been induced to tuberculin does not appear probable 
because (/) of the fact that the third injection was performed 96 hours 
after test 1, an interval presumably too short to permit induction of 
sensitization, (2) of the marked individual inconsistencies in the various 
series of tests, (3) of the failure to develop increasing rates of response 
or to secure increasingly larger reactions in the individual child, (4) of 
the roentgenological evidence of previous tuberculous infection in chil- 
dren who, although they did not react to the first two tests, did have 
reactions larger than 5 mm. of oedema in one or more of the subsequent 
tests, and (5) of the similarity of the 24- and 48-hour responses to 0.005 
mgm. of P.P.D. of children who had had repeated injections over a 
period of two years with that of a group in the same institution who had 
no reactions to a test 48 hours previously with 0.000,02 mgm. of P.P.D. 
but who had not had repeated injections. 

Speculation regarding the significance of the pattern of response ob- 
served has not developed an entirely adequate explanation. The most 
probable theory would appear to be that those children, who had positive 
reactions sometime subsequent to the two screening tests, had a low 
state of allergy from previous tuberculous infection. Such a theory, 
of course, allows for the possibility that some of the small reactions may 
be nonspecific ones. However, we know of no way of distinguishing 
the small nonspecific reactions from the specific ones of a similarly small 
size. Furthermore, while we accept, as a working basis, a minimal 
size limit of 5 mm. of oedema at 48 hours for positive tuberculin reactions, 
we are inclined to doubt that all 24-hour peak reactions with subpositive 
size at 48 hours are nonspecific. It would seem more probable that in 
some instances they represent a low state of tuberculin allergy. If 
the hypothesis just stated were true, how then would one account for 
such individual inconsistent responses as a variable number of positive, 
subpositive and negative reactions to different tests in the same child? 
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The only explanation that has seemed at all reasonable is that very low 
states of tuberculin allergy may be depressed by trivial factors, just as 
we have shown that stronger allergy may be depressed by acute illness 
(1). This is, of course, highly hypothetical. 

Within the limits of the amounts of tuberculin injected in the various 
tests of this study, there appears to be no evidence that tuberculin 
sensitization is induced by tuberculin injection in man. This does not 
imply that sensitization to tuberculin or tuberculoprotein is impossible, 
but does indicate that such sensitization will probably not occur from 
the ordinary use of tuberculin for skin testing purposes. 
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THE INTRACUTANEOUS TUBERCULIN REACTION 
ASSOCIATED WITH CALCIFIED INTRA- 
THORACIC LESIONS'? 


WALDO E. NELSON, A. GRAEME MITCHELL anp ESTELLE W. BROWN 


In the course of a study to determine whether the intracutaneous 
injection of tuberculin might have an antigenic effect in man (1), roent- 
genograms of the chests were taken of many of the children in the various 
groups. This was particularly necessary, since a number of the children 
who failed to react to either of the first two tuberculin tests had positive 
reactions on subsequent testing. We have stated our reasons for not 
believing that these later reactions were the result of sensitization in- 
duced by tuberculin. One of the factors responsible for this conclusion 
was the roentgenological evidence of tuberculous infection in some of 
the children who either had no reaction to tuberculin in repeated tests 
or who had reactions only in one or more tests after the first two ‘“‘screen- 
ing” tests. We were not surprised at the absence of roentgenological 
evidence of pulmonary tuberculosis in some of the children who had 
definite cutaneous reactions to tuberculin, but we were impressed by the 
fairly large number who, having roentgenological evidence of tubercu- 
losis, either failed to react to tuberculin entirely or had positive reactions 
only in certain of the tests and no reactions or subpositive ones in others. 


TABLE 1 


Comparison of tuberculin reactions with roentgenological evidence of calcification in the chest 


ROENTGENOLOGICAL EVIDENCE OF CALCIFICATION 


Positive Questionable Negative 
Number 
of cases | 


Number 


Number | 
of cases | Per cent 


Per t 
er cent | of cases | 


Per cent 
Tuberculin positive to tests 1 or 2 : 42. 43 ‘ 35.4 
Tuberculin positive to some later tests. . 41. a : ‘ 39.1 
Tuberculin negative.......... 43.5 5 é | 48.4 

1 From the Children’s Hospital Research Foundation and the Department of Pediatrics, 
University of Cincinnati, Cincinnati, Ohio. 

2 Presented in abstract before the American Pediatric Society, Hot Springs, Virginia, 
April 30, 1937. 
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Table 1 shows the relationship between the tuberculin reactions and 
the roentgenological evidence of calcification. Examples of some of the 
roentgenograms together with schematic drawings of the tuberculin 
reactions are shown in figures 1, 2,3 and 4. Other observers have called 
attention to the waning of allergy (reaction to tuberculin) following 
healing of a tuberculous lesion and our observations seem to be further 
evidence that the allergic state may be at a very low level when the 
tuberculous lesions have become calcified. Whether an equally low 
state of allergy may exist with noncalcified lesions, as for example, in 
very young children who have small tuberculin reactions without roent- 
genological evidence of intrathoracic tuberculosis, can only be suggested. 
An incompletely calcified lesion is shown in figure 4, case 1C. The 
tuberculin reaction in this type of lesion is usually marked. In this 
instance, however, there was no response whatsoever to the first injection 
of tuberculin, and not until the fourth test was there a reaction of suffi- 
cient size to be considered positive. 

No definitely active or progressive tuberculous lesions were defected 
in any of the groups nor were those children retested who had strongly 
positive reactions in the initial test. Thus, in this study there is no 
direct evidence of actual decrease in the allergic state of the individual 
child, as described by such observers as Johnston (2) and Krause (3), 
nor of any relationship between the degree of the cutaneous reaction to 
tuberculin and the extent and activity of the tuberculous lesion as 
suggested by Ayman (4) and others. 

The only conclusion that can be drawn from these observations is 
that low grade or healed tuberculous lesions in children may exist when 
the tuberculin reaction is negative or only questionably positive following 
the intracutaneous injection of tuberculin in amounts up to 0.005 mgm. 
of P.P.D. and 0.1 cc. of 1:100 O.T. 
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THE DIAGNOSIS AND TREATMENT OF TUBER- 
CULOUS TRACHEOBRONCHITIS:? 


WADSWORTH WARREN, ARTHUR E. HAMMOND 
AND WILLIAM M. TUTTLE 


Clinical medicine is often slow to grasp the observations of the path- 
ologist and turn them to its use. There is probably no more salient ex- 
ample of this truth than the fact that for long years tuberculous tra- 
cheobronchitis has remained a textbook legend. 

Two years before the discovery of the causative agent of tuberculosis 
by Koch, Eppinger (1) fully described lesions occuring in the trachea and 
bronchi of persons who had died of tuberculosis. Relatively little was 
written of this complication until 1904, when it was again described in 
the German literature by Hedinger (2). In more recent years, Reichle 
and Frost (3) have described tuberculous lesions of the trachea and 
bronchi in autopsy material. 

In two excellent papers, stenotic lesions of the trachea and bronchi 
occurring in cases of pulmonary tuberculosis have been discussed by 
Eloesser (4). The bronchoscopic appearance of tuberculous lesions 
within the tracheobronchial tree has been described by Ballon (6) and 
Samson (7). Since then, Barnwell, Littig and Culp (8), and Samson 
(9) have studied the symptoms presented by their patients and these 
have been reported; and Burgher, Littig and Culp (10) have published an 
excellent paper on the occurrence of such lesions in 122 autopsies per- 
formed on proved cases of pulmonary tuberculosis. 


INDICATIONS FOR BRONCHOSCOPY 


The work of these investigators has demonstrated the usefulness of 
the bronchoscope as an adjunct in the diagnosis and treatment of pul- 


1 From the Department of Otolaryngology and the Department of Surgery (Division of 
Thoracic Surgery), Wayne University College of Medicine, and the Thoracic Surgery Service 
of Dr. E. J. O’Brien, Herman Kiefer Hospital and Wm. H. Maybury Sanatorium, Detroit 
Department of Health. 

* Presented in part at a session of the 32nd annual meeting of the American Sanatorium 
Association, Milwaukee, Wisconsin, May 31, 1937. 


315 


rat 


316 WARREN, HAMMOND AND TUTTLE 


monary tuberculosis. For a number of years, bronchoscopic examina- 
tions were made only on those cases where definite evidence of obstruc- 
tion to the air passages existed. Slowly its use has been extended as 
more definite indications for its use have become understood. The 
writings of Clerf (11) and Jackson (12) have done much to dispel the fear 
of bronchoscopy in the tuberculous, once held by many. 

The indications at present considered sufficient to warrant broncho- 
scopic examination in pulmonary tuberculosis are mainly those which 
have been previously described by Barnwell. Symptoms of obstruction 
were, and still are, the commonest indications for this diagnostic pro- 
cedure. Such symptoms may, of course, vary widely, but it has been 
our experience that bronchial and tracheal partial obstruction are com- 
monly manifested by dyspnoea out of proportion to the amount of pul- 
monary disease or to the degree of collapse, wheezing, difficulty in 
raising sputum, or persistent cough, with or without large amounts of 
sputum. 

It is well to bear in mind that partial obstruction to an airway may be 
present without X-ray evidence of atelectasis, and this is especially true 
of tracheal stenosis. The converse of this statement is also true, namely, 
that complete stenosis may be present without symptoms, and X-ray 
evidence of atelectasis may be the only sign. Complete, or practically 
complete stenosis in the presence of pneumothorax with complete col- 
lapse of the lung may manifest itself only when reéxpansion of the col- 
lapsed lung is found impossible. 

While signs of bronchial obstruction may, in the main, be the most con- 
stant cause of symptoms which demand bronchoscopic treatment, we, 
like others, have found that variations in amount and character of the 
sputum raised are often helpful symptoms in the diagnosis of tracheo- 
bronchial tuberculosis. 

Considerable variation in the amount of sputum raised from day to 
day generally is indicative of partial obstruction along the tracheo- 
bronchial tree. However, we have found that it may also denote the 
presence of bronchial ulceration without marked obstruction. Large 
amounts of sputum, which may be mucoid rather than purulent, have 
been seen by us in a number of patients. When such symptoms have 
persisted, they have been considered sufficient indication for broncho- 
scopy. The presence of positive sputum, or sputum which is alter- 
natingly positive and negative in the face of apparent control of the 
pulmonary parenchymal lesion or of complete absence of parenchymal dis- 
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ease, has been, in our series of cases, a strong indication that bronchial or 
tracheal ulceration exists. 

Haemorrhage, when there is definite evidence of parenchymal disease 
which is not controlled by adequate collapse, is, of course, not an indica- 
tion for bronchoscopy, unless it be to aspirate blood which is obstructing 
the air passages, and this is seldom indicated. However, where haemor- 
rhage or streaking occurs in the absence of sufficient pulmonary disease 
to explain adequately the source, or where the control of parenchymal 
disease is adequate, we have felt that examination of the trachea and 
bronchi for ulcerations is definitely a desired procedure. 

Recently, Samson and McIndoe (13) have performed routine broncho- 
scopic examinations on all patients admitted to the Michigan State 
Sanatorium. While this has been productive of most interesting data 
and has given rise to no ill effects, still we cannot feel that routine exam- 
ination is a procedure to be recommended in all hospital admissions. 
We have taken but one exception to this stand against routine broncho- 
scopic examination. We believe that all candidates for thoracoplasty 
should be bronchoscoped as a part of the preoperative work-up. For 
such a procedure, however, there is good reason. In the past three 
years, three cases on whom thoracoplasties had previously been done 
have returned with severe symptoms of dyspnoea and inability to raise 
sputum. Examination has revealed the presence of tracheal stenosis 
in one, and stenosis of the contralateral main bronchus in the other two. 
Stenoses such as these are almost certainly on the basis of previous tuber- 
culous involvement of the trachea or bronchi. At present, two of these 
patients are dead, and one, while still living, is a hopeless invalid. If the 
condition of the bronchus had been known in these cases, thoracoplasty 
would never have been done, as obviously it was only an added load to 
the patient and a futile gesture in the face of a situation which was al- 
ready hopeless. Likewise, the presence of stenosis on the side where 
thoracoplasty is contemplated, while not a contraindication to thora- 
coplasty, is a condition of which the surgeon should be cognizant, for it 
is often necessary to dilate and aspirate while the lung is being collapsed. 
Furthermore, the presence of bronchial ulceration may give rise to spu- 
tum containing acid-fast bacilli and may cause the surgeon to sacrifice 
much good lung by further thoracoplasty in the thought that, because 
the sputum is positive, the cavity is not closed. 

For these reasons, we have performed routine bronchoscopic examina- 
tions on all candidates for thoracoplasty during the year (table 4). 
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INCIDENCE OF TUBERCULOUS TRACHEOBRONCHITIS 


From a series such as the one here presented, it is impossible to state 
how frequently bronchial tuberculous ulcerations do occur. Samson and 
McIndoe, in the series of cases mentioned above, found ulcers in ap- 
proximately 10 per cent of all cases. In a group of 90 patients at the _ 
Herman Kiefer Hospital and Maybury Sanatorium who had been ad- 
vised to have thoracoplasty, twelve cases were found to have bronchial 
ulcerations, an incidence of 13.3 per cent (table 4). Likewise, in a group 
of 108 patients selected for bronchoscopic examinations because they 
presented symptoms of bronchial disease, 62 were found to have ulcera- 
tions or stenosis, or both, an incidence of 57.4 per cent (table 4). 

When the incidence in a very accurate series, involving cases of all 
classifications such as those of Samson and MclIndoe, is compared with 
our prethoracoplasty group, there would seem to be fairly good reason 
to believe that, in the far advanced or moderately advanced case, an 
incidence of from 10 to 15 per cent is not far afield. 


THE RESULTS OF BRONCHOSCOPIC EXAMINATION 


The results presented here are a tabulation of the types of lesions 
present in 74 patients with tracheobronchial tuberculosis found during 


the past twelve months. The exact number of the respective types is 
shown in table 1. It will be seen that the majority of these ulcerative 
lesions fall into two types, namely, the discrete ulcer and the granulating 
ulcer. 

The discrete ulcer is a well limited area of erosion, and its borders are 
sharp. It may vary in depth from a fraction of a millimetre to several 
millimetres, depending on its location and the thickness of the bronchial 
wall. In general, the margins are not or only very slightly raised above 
the level of the surrounding mucosa. The base is smooth, but occasion- 
ally gives the appearance that small tufts of granulation tissue are grow- 
ing there. The color varies from bright red to deep violet. Such ulcers 
may occur anywhere within the tracheobronchial tree, but are more often 
located in the main bronchi, and in our series, not especially along the 
posterior wall as reported by Burgher, Littig and Culp, but rather about 
the orifices of the various lobar bronchi. They appear as single ulcers 
and are generally not close together, and thus do not tend to coalesce. 

The granulating ulcer stands out as an entirely different type of lesion. 
The borders are not clear cut but tend to fade through a halo of oedema- 
tous mucous membrane into the normal mucosa. The base is composed 
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of numerous tufts of extremely friable granulation tissue. These may 
not rise above the surface of the surrounding normal mucosa, or may be 
elevated several millimetres above it. The color is a bright red except in 
cases where the granulations are exuberant; in such instances the tips 
of the granulation tufts may be grayish-white, and the base may vary 
from brilliant red to purple. The tendency of these lesions to bleed is 
notable, and only slight brushing with the bronchoscope may set up 
bothersome oozing. 

The granulating type, in our experience, has occurred most commonly 
about the orifice of the main bronchi, on the carina and in the lower por- 
tion of the trachea. Whereas the discrete ulcer appears to represent a 
well resisted type of infection which advances slowly, the granulating 
type often advances rapidly, either throughout the extent of the bron- 
chus first involved, or across the carina to invade the uninvolved bron- 
chus. When seen in the trachea it may completely surround this struc- 


TABLE 1 
Types of lesions found in 71 cases of tuberculous tracheobronchitis 


Discrete ulcers 
Granulating ulcers 
Stenosis healed 


ture, and if the growth of the granulation tissue is high, it may partially 
occlude it. 

Two types of stenosing lesions have been noted, and, as classified in 
table 1, have been called healed and ulcerating. The healed stenosis, 
it would seem, represents a healed ulcerative lesion in which the repara- 
tive process has partially or completely occluded the lumen. The sur- 
face is smooth and the reduced lumen is often covered with a pale mucous 
membrane. It occurs most commonly at the entrance of the main bron- 
chi and in the lower trachea. 

The ulcerostenosis represents, we believe, a stage midway between the 
healed, cicatricial stenoses and the granulating ulcer. The lumen is 
reduced, and from the inner wall of the stenosing band, easily bleeding, 
necrotic, tufted granulations protrude. Stenosis may be marked, quite 
as marked as in the healed type, for the protruding granulations often 
completely occlude the lumen. 
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The tuberculoma or tuberculous granuloma has been observed in this 
series in four patients. It represents undoubtedly, as tuberculomata do 
in other sites, a well localized lesion due to a high host resistance. In 
our experience it has occurred most frequently about the main bronchial 
orifices or near the orifices of the secondary bronchi. In general, they 
are globular tumor masses appearing not unlike carcinomata or benign " 
adenomata of the bronchus. 

Isolated tubercles are occasionally seen as small yellowish-white nod- 
ules beneath the mucosa. 

In three patients there was a diffuse hyperaemia of the bronchial 
mucosa with moderate mucosal oedema. There are no clear-cut grounds 
for the assumption that this is a tuberculous lesion other than that in 
two patients the sputum was positive, and each had no other demon- 
strable lesion to account for the tubercle bacilli. When these lesions 
cleared, the sputum became negative in each case. 

These areas of ulceration within the trachea and bronchi have been 
called tuberculous by the clinician because they occur in tuberculous 
individuals, and because of their resemblance to lesions discovered at 
autopsy which have been proved by microscopical sections to be tuber- 
culous. We have performed biopsies in fourteen patients where the 
lesion was large enough to safely obtain tissue for study. In four in- 
stances, the lesions were tuberculomata, and in ten, were of the granulat- 
ing ulcer type where the growth of granulation tissue was great enough to 
obtain a bite. The biopsies obtained from the four patients where a 
tumor mass was present were all tuberculous granulomata. The remain- 
ing biopsies taken on cases where a granulating ulcer was present showed 
tubercles in four of the ten cases. 

The fact that the incidence of biopsies positive for tuberculosis was 
much less in the cases where biopsy consisted of granulation tissue tufts 
is not surprising. Such experience is common in biopsies of tuberculous 
granulation tissue even when the biopsy is large. In two instances it 
was necessary to take tissue on two occasions before positive evidence of 
the tuberculous nature of the tissue was established. 

There is no evidence to date that removing small pieces of tissue 
from these lesions has led to any untoward results. There has been no 
attempt to remove tissue for study where the ulcer is of the discrete type 
or in the granulating type where the granulations are low. It is felt 
that the danger of perforating the bronchial wall in these cases outweighs 
the value of the additional information obtained by biopsy. 
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The following protocols illustrate some of the points brought out in 
the paper. 


CASE REPORTS 


L. K., case no. 13315: The patient was a thirty year old white female, single, 
who was first admitted to the Herman Kiefer Hospital on October 6, 1933, 
with a history of having been hospitalized in another hospital for pulmonary 
tuberculosis since January, 1933, at which hospital she had had a right phrenic- 
ectomy after pneumothorax had failed. She gave a history of positive sputum 
in June, 1933, and the result of sputum examinations prior to that time were 
not definitely known. She dated the onset of her illness from October, 1932, 
at which time she developed a cough and pain in the chest, loss of strength, 
and increasing dyspnoea. There was contact with a friend who was known 
to be tuberculous. 

On physical examination, positive findings were limited to the chest. On 
the right side there was impaired resonance in the upper one-third with 
moderately coarse rales over the same area. On the left a few rales were heard 
in the first interspace anteriorly. The sputum was positive for tubercle 
bacilli on admission. 

An X-ray film of the chest showed a moderately advanced tuberculous 
process of mixed type involving the apical region on the right, small areas of 
rarefaction on the right with a dense pleural shadow over the apical region. 
The left side was relatively clear, but there were a few scattered infiltrations 
of the productive type in the first interspace. 

She was diagnosed as having moderately advanced pulmonary tubercu- 
losis. 

Right thoracoplasty had been advised prior to her admission to Herman 
Kiefer, and she was transferred to this hospital for that purpose. First-stage 
right thoracoplasty was carried out October 12, 1933, following which sputum 
became negative and cavity appeared closed and therefore no additional 
surgery was advised. She was transferred to Maybury Sanatorium for con- 
valescence on February 27, 1934, but left-that institution against advice in 
April, 1934. At subsequent examination in November and December, 1934, 
after several months of activity, the sputum was again positive. She was 
hospitalized for a brief time because of this positive sputum, but since the 
X-ray showed no change she was permitted to go home. She left the city for 
a time but returned in July, 1935 with a history of having had a positive spu- 
tum in April, 1935 with an increasing amount of sputum and some toxicity. 
X-ray examination at that time revealed a small area of rarefaction just below 
the clavicle on the right side and therefore additional surgery was advised. 

Second-stage thoracoplasty was carried out July 25, 1935, and third stage 
September 12, 1935, and a Gale operation was done on October 8, 1935. 
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Sputum remained positive but the patient was again transferred to Maybury 
Sanatorium for convalescence in January, 1936. Since the sputum remained 
positive with apparent closure of the cavity, bronchoscopy was advised to 
determine the possible source for positive sputum. The first examination 
was February 12, 1936, at which time the right main bronchus was found to 
be entirely filled about the periphery with numerous tuberculous lesions 
which were, however, more numerous on the posterior wall. Prognosis was 
thought to be very poor and the bronchoscopist reported this as the most 
extensive bronchial tuberculosis that had been seen up to date. She was 
treated four times from February 12 to April 14, 1936, at which time the areas 
of ulceration appeared practically healed and inasmuch as the patient reacted 
poorly to bronchoscopy further examination was advised against. Whereas 
all sputum examinations except one were positive following the fourth-stage 
thoracoplasty, since treatment of the tuberculous tracheobronchitis was in- 
stituted, there was only one positive sputum, to June, 1936, at which time she 
was transferred to Maybury Sanatorium for further convalescence. 


L. C., case no. 16019: The patient was a twenty-nine year old white female. 
She was admitted to Herman Kiefer Hospital the first time January 28, 1936, 
giving a history of cough, haemoptysis, and night sweats since November, 
1935, at which time she had developed a productive cough associated with a 
head cold. Three weeks prior to admission she had a haemoptysis of about 
one dram of bright red blood, following which she noticed increased fatigue. 
An X-ray film was taken at that time in the Out-Patient Department and 
hospitalization advised. 

The physical findings were limited to the chest, where there was impaired 
resonance in the upper one-third on the right side, with harsh sounds, and a 
few moderately coarse rales above the second rib. On the left side breath- 
sounds were harsh in the upper one-third but no definite rales were heard. 
The sputum was positive for tubercle bacilli at the time of admission. 

The X-ray examination of the chest (figure 6) showed: Right lung: There 
are dense exudative infiltrations in the upper third of the lung. There is an 
area of rarefaction at the first interspace. It is somewhat indistinct in outline 
and suggests a small excavation. The remainder of the lung is clear. Left 
lung: Some fibrosis in the infraclavicular region. The lung is otherwise clear. 
Conclusion: Moderately advanced tuberculous process, mostly exudative in 
type, involving the upper one-third of the right lung and a small area in the 
infraclavicular region on the left. 

The diagnosis was moderately advanced pulmonary tuberculosis. 

Right artificial pneumothorax was attempted but was unsuccessful. Right 
phrenicectomy March 20, 1936, with good elevation and immobilization of 
the diaphragm. Right artificial pneumothorax was again attempted in Octo- 


TUBERCULOUS TRACHEOBRONCHITIS 323 


ber, 1936, but was again unsuccessful and a right thoracoplasty was advised. 
First stage was carried out November 17, 1936. Second and last stages Decem- 
ber 8, 1936, six ribs being removed, effecting an apparently satisfactory collapse 
of the involved lung area with no residual cavities (figure 7). 

Sputum remained positive and the patient was therefore bronchoscoped 
December 30, 1936, at which time an area of ulceration was found in the medial 
lobe spur on the right main stem-bronchus. This was cauterized with the 
actual cautery. At the time of the bronchoscopy on February 3, 1937, the 
site of the previous ulcerated area appeared healed but another small area 
of ulceration was present in the left main bronchus on its medial wall. This 
area was cauterized. There were three subsequent examinations and treat- 
ments and at the time of the first examination April 14, 1937, all areas of 
ulceration formerly seen appeared to be completely healed (figure 8). 

All sputum examinations were positive prior to the first bronchoscopic 
examination. There have been two positive results since that time, one from 
a routine examination and the other from a concentrated pooled sputum, the 
last of which was January 24, 1937, all examinations being negative since that 
time. Sputum culture made in March, 1937, was also negative. 


M. P., case no. 17196: The patient was a twenty-two year old single female 
office worker, who was admitted to the Herman Kiefer Hospital January 11, 
1937, complaining of cough of eight months duration. She stated that she 
had pneumonia in October, 1936, and was in bed for three weeks. The cough 
was productive, from the onset, of a white mucopurulent material and occa- 
sionally this was blood-streaked. The right kidney had been removed at 
seventeen years of age (indication unknown). 

On physical examination there was a right nephrectomy scar and no other 
positive findings except those related to the chest. Diminished excursion of 
the right hemithorax. Impaired resonance in the lower one-half on the right 
side. Nordles or definite cavity signs. Leftlungclear. The sputum findings 
were positive for tubercle bacilli on admission. The last positive sputum was 
March 25, 1937. 

The X-ray examination of the’chest (figure 1) showed: Right lung: There 
is an area of partial consolidation involving mainly the inner and middle lung 
fields at the base. There is a small area of rarefaction suggesting a beginning 
excavation. The remainder of the lung is clear. Left lung: Clear through- 
out. Conclusion: There is an increased density at the right base as described, 
indicating a moderately advanced tuberculous process. 

The right phrenic nerve was crushed February 11, 1937, with good eleva- 
tion and immobilization of the right hemidiaphragm (figure 2). 

Bronchoscopy was done March 24, 1937, because of the unusual nature and 
location of the lesion and a continuously positive sputum which could not be 
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explained adequately on the amount of parenchymal disease present. The 
mucosa of the right main bronchus was injected and protruding from the 
middle lobe bronchus on the right there was a pinkish tumor about the size 
of a small pea. A biopsy of this was taken and the area cauterized with 30 
per cent silver nitrate (figure 3). Sections of the biopsy material contained 
large numbers of acid-fast bacilli collected in clumps in the portions of the 
tissue in which degeneration was most marked, thus sustaining the presumptive 
diagnosis of tuberculous tracheobronchitis (figure 4). 

There have been three subsequent bronchoscopic examinations with cautery 
of the involved area with 30 per cent silver nitrate or the actual cautery, each 
examination showing considerable improvement. Sections of a small bit of 
pedunculated material removed April 24, 1937 showed healing with fibroblasts, 
young fibrous tissue cells and numerous small blood vessels (figure 5). No 
tubercle bacilli were found. The sputum is now negative and the cough has 
disappeared. 


A. P.: The patient, a white female of twenty-five, was admitted to Herman 
Kiefer Hospital in September, 1935. She gave a history that she had been 
well until a few months before admission, at which time she had what she 
thought was a rather severe cold. It was accompanied by cough and sputum 
and, when these did not subside, she consulted her physician. 

Physical examination was essentially negative. X-ray examination of the 


chest at that time showed: Right lung: There were many calcium deposits in 
the apical region, and at the hilum. The remainder of the lung was clear. 
Left lung: There were a few productive infiltrations at the first and second 
interspaces and dense calcium deposits near the root. 

The patient was classified as having minimal pulmonary tuberculosis. 

The sputum examination showed tubercle bacilli on three occasions. 

In November, 1935, a left phrenic crushing was done, and she was trans- 
ferred to Maybury Sanatorium. In January, 1936, left pneumothorax was 
started because the patient’s sputum was positive. This pneumothorax was 
continued to date. Sputum examinations had been positive on ten of thirteen 
examinations between November, 1935, and February, 1936. Because the 
patient’s lung was very much collapsed, and there was a high negative pressure 
in the pleural cavity, it was considered probable that there was some obstruc- 
tion in the bronchus. On January 21, 1937, a bronchoscopic examination was 
done, and showed very extensive ulceration extending to 2 cm. below the larynx 
down to and surrounding the left bronchial orifice. Another examination on 
February 4 showed marked improvement, and at each bronchoscopic examina- 
tion there has been more and more improvement. Bronchoscopic examination 
on May 6 showed all the ulcers healed except one small area of redness on the 
anterolateral wall of the trachea above the left main bronchial orifice. There 
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was still about 80 per cent stenosis of the left bronchus. Sputum examination 
February 13 was negative by smear and concentration, but positive on culture. 
Smears, concentrations and cultures on three occasions since have all been 
negative. Patient’s cough is much less and general condition is improved. 


TREATMENT OF TUBERCULOUS TRACHEOBRONCHITIS 


Tuberculous tracheobronchitis is a new clinical disease entity. As far 
as we know, little has been offered in the way of treatment in any of the 
groups of clinical cases previously reported. Barnwell has reported nine 
cases in detail. A later report (15), at press when this paper was written, 
states that five of these patients are dead. Burgher, Littig and Culp 
are responsible in their article for the statement that the mortality in a 
group of cases having tuberculous tracheobronchitis was 47 per cent 
within one year after diagnosis was made. They further state that, 
“since the appreciation of the occurrence of these lesions, the diagnosis 
has been made in 33 cases; of these, bronchoscopy has been done in 24 
cases, while in the rest the clinical signs have been so prominent as to 
make the diagnosis a practical certainity. In this group only one pa- 
tient can be said to have shown any improvement; the others are already 
dead, or progressing steadily downward.” 

Deep X-ray therapy has been used as a method of treatment in a few 
cases by the Tuberculosis Unit and the Department of Radiology at the 
University of Michigan Hospitals, Ann Arbor. In view of Burgher’s 
statement of the facts, this treatment has done little to check the prog- 
ress of the disease. In our patients, an attempt has been made to ascer- 
tain the value of various types of cautery and local treatment to these 
areas. The report of results is based on the treatment of 57 cases of 
bronchial ulceration treated in the past two years. 

Three methods of local treatment have been used. The actual live- 
wire cautery was first used in view of the favorable results which it had 
given in the treatment of laryngeal tuberculosis and lingual and buccal 
tuberculosis. The results obtained from this method were good, but 
the technical difficulties of manipulating a red-hot wire, which did not cool 
at once when the current was shut off, offered certain disadvantages; 
while no difficulties arose from its use, fear that it might caused its aban- 
donment in favor of the Kernan cautery,’ coupled with the Bovie Elec- 
tro-Surgical unit, using a low coagulating current. Silver nitrate in 
varying dilutions has also been used. However, within the past year, a 


8 This instrument is made by The George P. Pilling & Son Co., Philadelphia. 
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solution of 30 per cent silver nitrate has been used. It appeared that 
this strength gave the best results. The majority of the cases reported 
have been treated with the last two mentioned methods. 

As will be seen by referring to table 2, the results obtained by these 
methods of treatment have been gratifying. 

Table 3 represents the cases which had positive sputum, despite the. 
fact that there was no evidence of active or uncontrolled parenchymal 
disease. Twenty-two of the twenty-six healed cases now have negative 
sputum on direct smear and twenty-four hour concentrated specimens, 
while four cases have healed ulcers with a consistently positive sputum. 


TABLE 2 
Results of treatment 


Ulcers unimproved 
Ulcers under treatment 


TABLE 3 


Conversion of sputum in 31 cases in which ulcerations were the only apparent source of 
tubercle bacilli 


Total number of cases 

Sputum negative after ulcer healed 
Ulcer healed but sputum still positive 
Still under treatment 


The four cases with tuberculomata were all treated by removal of the 
tumor mass with biopsy forceps. After this was done, the base of the 
lesion was cauterized with silver nitrate or the electrosurgical current. 
It was often necessary where the tumor mass was large to remove small 
portions of it on several occasions, cauterizing the base of the lesion each 
time. 

The results accomplished by this means have been good. There has 
been complete healing of the lesion in the four cases. When the lesion 
was healed, the base generally became covered with mucosa of normal 
appearance. Where the base was broad, the resultant healing left a 
puckered whitish scar. 

While there has been a fair volume of literature accumulated on the 
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diagnosis and treatment of bronchial stenosis, the present situation calls 
for treatment which has not fallen within the experience of previous in- 
vestigators. 

We still do not know what to do with the case of the ulcerating stenotic 
lesion other than to attempt to clear the existing ulcer. This attempt 
has been made in each of the nine cases contained in this series. There 
has been no effort to dilate such areas of stenosis for fear of reactivating 
the bronchial disease. It has been noted, however, that when the ulcer 
has healed the occlusion present is often less marked. Further study of 
a larger group of cases over a longer period will be needed to clarify this 
point. 

The healed stenosis presents a separate problem and one which must 
be handled differently in each individual case. When the stenosis is 
causing no symptoms and thus apparently no trouble, it is probably 


TABLE 4 
Results of bronchoscopic examinations performed on 198 patients 


I. Routine Prethoracoplasty Bronchoscopy 
Number of cases 


Percentage incidence 
II. Bronchoscopy in 108 Selected Cases of Pulmonary Tuberculosis 


useless to tamper with it. On the other hand, if the stenosis is the cause 
of retention of secretions with toxic manifestations or if it is within the 
trachea or the bronchus of the contralateral lung, treatment must be 
attempted. 

We have found that, where the lumen of the stenotic lesion will per- 
mit, the use of bronchoscopes of increasing size as a dilating instrument 
has proved most valuable. There are distinct advantages to this 
method. The bronchoscope lumen affords a constant airway and chan- 
nel for aspiration and this is extremely useful in patients whose respira- 
tory reserve is low. 

In other instances where the stenosing band is short, it has been pos- 
sible to bite away the protruding scar tissue and cauterize the base. . 
This manner of enlarging the lumen, when coupled with subsequent 
dilatation, has given good results. 
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When the bronchial lumen is very small, a new bronchial bougie de- 
signed by Steele (14) has proved useful. 

Bronchoscopic examination and subsequent treatments, if indicated, 
have not led to any untoward results. There have been no fatalities 
directly attributable to bronchoscopy, and spread of the tuberculous 
pulmonary disease has occurred but twice in 198 individual cases. The - 
average number of treatments needed to bring about satisfactory results 
has been 5.7 treatments per patient, and the interval between treatments 
has been from two to three weeks. 

As time has gone on we have come to have certain opinions about the 
relative merits of the electrosurgical as compared with the chemical 
method of treatment. It appears that, for the small well limited dis- 
crete ulcer, the electrosurgical method has given better results, while in 
the granulating type better response has been obtained by the use of 
silver nitrate. This is undoubtedly due to the fact that silver nitrate 
when applied on a sponge stick will cover and cauterize a larger area with 
less trauma than the small, less easily applied cautery point. There has 
been a tendency to couple the two forms, as treatment advances. Thus 
the electrosurgical point would be used on the deeper lesions after silver 
nitrate had at previous treatments removed the excessive granulation 
tissue. 

How do such lesions heal? This is a question which at present we are 
not capable of answering. It is known that the healed areas are covered 
at first with a thin, rather friable mucous membrane which gradually 
becomes thicker and apparently more scarred as healing progresses. 
When the ulcer is deep and there has been considerable dissemination 
into the deeper bronchial tissues the scarring is greater. Where the 
lesion is more superficial, healing may leave no scar and the area ap- 
parently becomes covered with normal mucous membrane. Case M. P. 
(figures 1 & 5) demonstrates the covering of the area from which a tuber- 
culoma was removed, by a squamous-cell type of epithelium. 

Once healing has taken place, it appears that it is quite permanent. 
We realize that to report a method of treatment in tuberculosis when 
some of the cases have been well but a few months is by no means the 
final statement. On the other hand, the importance of this subject and 
the encouraging results obtained by us in treating it, coupled with the 
" fact that approximately one-fourth of the cases reported have been well 
for one year, have prompted us to report the work. Our experience in 
treatment has run over a period of two years, the first of which was con- 
cerned mainly with working out details and testing various methods. 
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SUMMARY 


From the results here tabulated, we are unable to render the rather 
severe prognosis which has been given to date. In the total number of 
cases (71) reviewed, there have been six deaths. These we feel have not 
been due to the tuberculous bronchial ulceration but rather to the sever- 
ity of the parenchymal lesion. Bronchial ulceration may be in some 
instances a manifestation of poorly resisted disease, but this certainly 
is not true in all cases, and response to treatment is gratifying. 

It is undoubtedly true that in some instances at least such lesions heal 
spontaneously in time. While this may be true in some cases, case L. K. 
and case A. P. well illustrate that, where such lesions have been present, 
the sputum has remained positive for from two to four years and has only 
become negative when treatment was instituted and the ulcers became 
healed. Such examples go far to prove the tuberculous nature of these 
lesions and the value of treatment. If such lesions are left to heal 
spontaneously, at what price is such healing accomplished? When a 
lesion is treated relatively early, healing occurs and leaves little or no 
trace, but when the ulcer is old and deep, stenosis has already begun to 
develop, and stenosis, as we have stated earlier, is an irreversible process. 
Thus it would seem that the early institution of treatment is to be recom- 
mended. It would also appear that it is better to err on the side of per- 
forming a bronchoscopic examination upon a patient with a normal 
bronchus when the diagnosis is in doubt, than to leave the ulcer un- 
treated. 


CONCLUSIONS 


1. A study of the results of bronchoscopic examination performed on 
198 tuberculous patients is recorded. 

2. In this group ulcerative or stenotic lesions of the bronchus or tra- 
chea were found in 71 instances. 

3. Fifty-seven cases of tuberculous bronchitis or tracheitis have been 
treated; of this number, 34 healed, 10 progressed or did not improve, and 
9 are still under treatment. 

4. There were 31 patients in whom the sputum was positive in spite of 
apparent control of the parenchymal disease. In this group healing of 
the bronchial ulceration was followed by prompt sputum conversion in 
22 out of 26 healed cases. 

5. In our experience, tuberculous tracheobronchitis has responded 
favorably to treatment with electrosurgical and chemical cautery. 
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TUBERCULOUS TRACHEOBRONCHITIS 


TUBERCULOMA 


TUBERCULOMA GRANULATION TisSUE 


Fic. 1. X-ray of case M. P. showing a basilar type of lesion. The sputum was consist- 
ently positive. A phrenic nerve crushing was done. 

Fic. 2. Case M.P. X-ray after the phrenic crushing. The sputum was still positive. 
A bronchoscopic examination was advised because of the continued positive sputum in the 
absence of cavity. 

Fic. 3. Case M. P. Schematic drawing of the appearance of the bronchial tree at the 
time of the first examination and after treatment. Note the presence of the tuberculous 
granuloma. 
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Fic. 4. A biopsy was taken of case M. P. Photomicrograph of the outer border of the 
biopsy stained with Ziehl-Neelsen stain. The dark clumps are masses of tubercle bacilli. 

Fic. 5. A photomicrograph of a biopsy from the bronchus of case M. P. Five weeks 
after the original biopsy. Note the absence of tubercles and the presence of a thin squamous 
cell epithelium growing over the edges of the granulation tissue. 
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HEALED ULCER 


HEALED ULCER 


Fic. 6. X-ray of case L.C. Pneumothorax had been tried but was unsuccessful. Phren- 
icectomy had been done, the cavity decreased in size but was still open. Thoracoplasty 
was advised. 

Fic. 7. X-ray of case L. C. after a two-stage thoracoplasty had been done. The sputum 
was still positive although the cavity was closed. Bronchoscopic examination was advised. 

Fic. 8. Schematic drawing of the appearance of the bronchial tree of case L. C. Note 
the location of the ulcer and the appearance after treatment. Sputum is now negative on 
culture of a seven-day pooled specimen. 
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FICE OF 
MAIN 


DIFFUSE AppsARANCE 
TUBERCULOUS |_ ASTER TREATMENT 
ULCERATION 


Fic. 9. Case A. P. This lesion was treated with 30 per cent silver nitrate with subse- 
quent clearing of lesion. 
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OPENING OF 
LEFT BRONCHUS 


STAGE THORACOPLASTY 


PERMANENT PHRENIC 


Fic. 10. X-ray of the chest of a patient who two years before had had a first-stage 
thoracoplasty. Some difficulty in raising sputum was present at that time. The patient 
was bronchoscoped and a tuberculous lesion of the bronchus was found. Thoracoplasty was 
delayed. No treatment was instituted. 

Fic. 11. Schematic drawing of the bronchial tree of the case whose X-ray is shown in 
fig. 10. Two years before, the bronchus on the left side had been patent. Bronchoscopy 
was advised at this time because of inability to raise sputum and the presence of a low-grade 
temperature elevation. Note the almost complete stenosis at the site of the previous bron- 
chial disease. 
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BRONCHIAL FACTOR IN CAVITATION?? 


SIDNEY J. SHIPMAN 


From time to time in the history of any disease the discovery or devel- 
opment of some new means of investigation appears to have the most 
far-reaching consequences. This has been especially true in the history 
of tuberculosis. The development of percussion by Auenbrugger, the 
invention of the stethoscope by Laennec, the discovery of tuberculin by 
Koch and its application by means of the skin test of Pirquet immediately 
come to mind. These advances, while by no means all or even, perhaps, 
the most important of the discoveries marking forward steps in the devel- 
opment of our knowledge of tuberculosis, nevertheless have proved to be 
of continued and ever-widening effect. 

How much credit should be given any man in the acknowledgment of 
such a discovery is, of course, problematical. At certain periods the 
stage seems to be set for advances along specific lines. In a large measure 
this is so in the present wave of investigations which have as their object 
the clarification of our knowledge of the state of the bronchi in pulmonary 
tuberculosis. The more general use of the bronchoscope, for which due 
credit should be given to Chevalier Jackson and his group, has no doubt 
been a potent factor. The increasing use of lipiodol has been another. 
These, together with the more liberal use of the fluoroscope and roentgen 
film, have apparently done much to clarify a group of problems in clinical 
tuberculosis which have long been thorns in the side of many an able 
clinician. Quite independently, many observers have been arriving at 
the same conclusions. 

For many years clinicians have been observing the effects of bronchial 
tuberculosis with or without stenosis. It is doubtful, however, if many 
appreciated even remotely the tremendous significance prior to the ap- 
pearance of Eloesser’s classical papers in 1932 and 1934 (1, 2). Indeed, 


1 Presented at a session of the Clinical Section at the 33rd annual meeting of the National 
Tuberculosis Association, Milwaukee, Wisconsin, June 1, 1937. 

2 From the Department of Medicine and the Thoracic Surgery Clinic, University of Cali- 
fornia Medical School, San Francisco, California. 
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so careful and complete were Eloesser’s observations, so clear and con- 
vincing were his descriptions of the symptoms and physical signs, and so 
abundant the wealth of clinical material he presented that subsequently 
it has been unnecessary to do more than refer to his papers as far as a 
description of the condition is concerned. 

Eloesser, however, appeared to be chiefly concerned with stenosis. 
This is at times a late development and one associated with healing. To 
some it seemed that the important thing might be to detect early tuber- 
culous bronchial lesions with the hope of influencing them, so that sub- 
sequent stenosis would not occur, in the same sense that it is desirable 
to detect early pulmonary lesions or intestinal or laryngeal lesions to 
prevent the development of undesirable late effects. 

Accordingly, with the coéperation of Dr. Jesse Carr, of the Depart- 
ment of Pathology of the University of California Medical School, an 
examination of autopsy material was made to determine the frequency 
of tuberculosis in the bronchi which lead from cavities present at death. 
In approximately 10 per cent tuberculous changes could be demonstrated. 
Some involvement of the bronchial wall which produced partial stenosis 
was commonly found. Although we were concerned primarily with 
early tuberculous changes, the excellent studies of Salkin, Cadden and 
McIndoe (3, 4) have served to elucidate the manner in which cavities 
may be blocked by numerous other conditions. 

Granting the truth of these findings, which appeared to be indis- 
putable, it seemed that a possible explanation for the not uncommon 
observation that patients are sometimes made worse by pulmonary col- 
lapse might be made. For example, those administering pneumothorax 
refills are occasionally confronted with the sudden clouding of an involved 
lobe, with or without symptoms. Increased compression accentuates 
the condition; partial expansion appears to relieve it. This is the effect 
of bronchial blockage. The-same phenomenon seems to follow phrenic- 
ectomy or thoracoplasty at times. Orthodoxy, then, or proceeding by 
rule of thumb from bed-rest to pneumothorax to phrenicectomy to thora- 
coplasty, playing one card rapidly after another, as the saying goes, 
may not always be beneficial but may at times be positively harmful. 

A noteworthy example is the following case. 


J. B., a man of 28, whose family history and past history were unimportant, 
but whose wife had broken down with pulmonary tuberculosis several years 
before and who was at the time a pneumothorax patient, developed cough, 
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expectoration and slight afternoon elevation of temperature. This was in 
1926. On examination he was found to have infiltration and cavitation of the 
right upper lobe. The sputum contained tubercle bacilli. Refusing the usual 
sanatorium or home care, he continued working, but was persuaded to modify 
his activities and enlarge his caloric intake. He gained weight and within 
three months fluoroscopic examination revealed no cavity. Meanwhile his . 
sputum and other symptoms disappeared. Subsequently he refused all invi- 
tations to be examined until January, 1935, when, his symptoms having re- 
appeared, a film showed infiltration and cavitation of both upper lobes (figure 
1). Pneumothorax was instituted on the right side and the patient was kept 
strictly in bed, but with little improvement. Subsequent films showed heal- 
ing of the original cavity on the left side, with formation of a new one behind 
the left first rib. Pneumothorax was accordingly instituted on the left side 
and continued on the right. The right phrenic nerve was crushed. Aside 
from a gain of 30 pounds in weight there was no essential change in the pa- 
tient’s clinical condition and a film taken in October, 1935 revealed two cavities 
in the right upper lobe and one in the left (figure 2). Thoracoscopy on the 
right revealed no adhesions which might have been expected to interfere with 
cavity closure. The mediastinum, curiously enough, appeared to be drawn 
slightly toward the right. 

Meanwhile, however, one striking phenomenon occurred. After each refill 
the patient appeared to be worse, both subjectively and objectively. So 
critical did his condition become that it was believed some change in therapy 
was necessary. Consultations with numerous internists and thoracic surgeons 
brought forth suggestions ranging from thoracoplasty on the right to thoraco- 
plasty on the right and intrapleural pneumonolysis on the left. The patient 
then solved his own problem by becoming so ill that any further procedure 
was quite out of the question and the bilateral pneumothorax was abandoned 
with the hope that if he improved at all something else in the way of collapse 
therapy might be considered at a later date. Then, to our great surprise, he 
promptly recovered. Within two months his sputum disappeared and he was 
symptom free. Fluoroscopy revealed no shadows suggestive of cavitation and 
a film taken in September, 1936 showed only a slight fibrosis of the right apex, 
slight pleural thickening at the right base and a shift of the mediastinum 
toward the right (figure 3). 


Here was what seemed to be a paradoxical phenomenon in which bilat- 
eral compression not only failed to close cavities on either side, but actu- 
ally made the patient worse. 

Such occurrences are not fortuitous; there must be reasons underlying 
the appearance of these phenomena, which it is the urgent duty of the 
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Fic. 1. Cavitation in both upper lobes before collapse. 

Fic. 2. With collapse of right side first, then left, two cavities appear in the collapsed right upper lobe, one small one behind the junction of the left first rib 
and its costal cartilage. Patient clinically worse with collapse. 

Fic. 3. Reéxpansion with coincident cavity closure on both sides. Fibrosis of right upper lobe and deviation of mediastinum toward right. Patient 
symptom free; negative sputum. 
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clinician to discover. In the case of J. B. it seemed that an adequate 
explanation might be offered as follows: 

A reference to figure 4A shows both lungs expanded, with two cavities 
in the right upper lobe, one in the left. Figure 4B reveals the right upper 


C. 

Fic. 4. (A) Diagrammatic illustration of lungs in case J. B., just prior to collapse of 
right upper lobe. (B) Following collapse of right upper lobe, with fresh cavitation in left 
upper lobe. Note there is enough surrounding lung tissue in (A) to occupy position taken 
up by cavities in (B). (C) Bilateral compression with three cavities, undiminished in size. 
Pleural adhesion over cavity in left upper lobe. 


lobe compressed and a fresh cavity in the left upper lobe. Figure 4C 
reveals both upper lobes compressed, the left being held out somewhat by 
an adhesion, the condition being essentially that appearing in figure 2, 
the roentgenogram of October 22, 1935. If, also, bronchi draining these 
cavities are assumed to be tuberculous and therefore of narrowed lumen, 
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the condition of the right upper lobe may be illustrated diagrammati- 
cally by figure 5. If no bronchial obstruction exists there is sufficient 
normal lung tissue to occupy the space cavitated if even a 50 per cent 
compression of the upper lobe is obtained. The actual compression 
secured was much greater than this, as can be seen by reference to the 
roentgenogram of October 22, 1935, or figure 4C. Nevertheless, the 
cavities did not close and the patient was made worse by compression. 
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Fic. 7 Fic. 8 

Fic. 5. An enlarged schematic drawing illustrating narrowing of bronchi when occupied 
by disease in uncompressed right upper lobe. 

Fic. 6. Illustrating what may have happened in case J. B. with compression. Bronchial 
obstruction produced by compression. 

Fic. 7. Diagrammatic illustration of check valve action in diseased bronchi. Diseased 
bronchial wall approximates during expiration, tending to keep cavities expanded. 

Fic. 8. Diagrammatic illustration of what may. have happened in left upper lobe in case 
of J.B. (A) Before compression. Bronchus narrowed by disease. (B) After compression, 
the force of which is exerted not only on cavity walls but also on bronchi, thus defeating the 
object of compression therapy. (C) With reéxpansion bronchial walls parted, cavity allowed 
to close. 


Figure 6 illustrates what may be assumed to have happened if the bron- 
chi were actually diseased when compression was instituted. The 
bronchial lumen was simply obliterated and no amount of surrounding 
lung capable of compensatory hypertrophy could avail to cause collapse. 
Upon reéxpansion it may be assumed that the bronchial block was re- 
lieved and collapse of the cavities followed through compensatory em- 
physema and mediastinal displacement in the usual manner. _ 
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Closure of the cavity on the left side, which also took place on reéx- 
pansion, may also be explained by assuming the presence of tuberculous 
bronchitis. Here it is necessary to refer to the check valve action so 
often referred to by Jackson and others, and to assume that compression 
may exert its effect not only upon the cavity itself but upon the bronchus 
which drains it (figure 7). Here it is seen that a diseased bronchus, ’ 
unlike a normal bronchus, may constantly tend to “‘blow up” a cavity, 
since air can enter easily but escapes with difficulty, for the bronchi ex- 
pand and contract with respiration, as any bronchoscopist knows. 
Figure 8A shows diagrammatically how the left apex appeared ex- 
panded; 8B how force was exerted on the diseased draining bronchus, 
narrowing its lumen and tending to nullify any favorable effect of com- 
pression on the cavity itself; and 8C how reéxpansion may have acted 
in opening the lumen of the draining bronchus, allowing the cavity to 
close by means of compensatory emphysema in the surrounding lung. 
This explanation ignores the presence of the adhesion on the left side, 
which appeared to play no part in whatever occurred. 

The above case is not unique, but is uncommon in that cavities in 
both upper lobes closed with the simultaneous abandonment of pneumo- 
thorax on both sides. The explanation offered may not be the correct 
one, but seemed the most logical in view of all the circumstances. [If it 
were correct, it seemed to suggest that the method of attack in the at- 
tempt to close certain cavities should be not so much collapse therapy 
but rather the cure of diseased bronchi draining such cavities and the 
attempt to relieve obstruction. 

Previous apparent success in the treatment of hyperplastic bronchial 
tuberculosis by means of general irradiation with ultraviolet light pro- 
duced by the hot quartz burner suggested that a method offering some 
hope of success was at hand. The method was originally suggested be- 
cause of its success in the treatment of intestinal tuberculosis and was 
employed in much the same manner, namely, by general irradiation un- 
til the skin became tanned. Its use in treating hyperplastic bronchial 
tuberculosis was first publicly suggested at a meeting of the California 
Tuberculosis Association at Sacramento in 1936, since which time several 
Californian workers have written that they have had some success with 
the method. 

At any rate, it had been observed at the Thoracic Surgery Clinic of the 
University of California Medical School that bronchi previously beefy 
in appearance, with narrowed lumen, exquisitely tender and bleeding 
easily, had become pale and of more nearly normal size following general 
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irradiation of several weeks’ to months’ duration. That other, perhaps 
more logical, methods of treatment had been suggested (5) we were well 
aware, but they seemed to offer slight hope of success in these nebulous 
and more or less hypothetical cases. 

Fifteen patients have been selected for this treatment, in which a 
positive or negative result may be said to have been obtained up to the 
present time. The criteria of selection were rigid and as follows: (1) 
Persistent localized wheezing over the cavity area must have been 
present, a presumptive sign of bronchial involvement. (2) A pneumo- 


TABLE 1 


TIME TO | 


PNEUMO- | PNEUMO- | | 
Re | REACTION 


CAVITY 
THORAX | THORAX | 
BEGUN ENDED CLOSED | CLOSU 


months 


w 


| 


Note: Sputum positive in all cases before treatment, negative in all closed cases at 
present. Reaction to lamp treatment consisted of fever for a few days with collateral hazi- 
ness about cavity by X-ray. 


thorax must have been tried, successful in all respects except that of 
cavity closure. (3) Thoracoscopy must have revealed no adhesions 
capable of preventing collapse. 

In establishing these criteria it was believed that the failure of col- 
lapse therapy to close the cavities could not be ascribed to extrabronchial 
factors, but must lie in the bronchi themselves. A further condition was 
laid down; namely, that the pneumothorax should be maintained at as 
nearly as possible constant pressure and collapse to obviate the factor of 
bronchial kinking influencing closure. As noted in the table, several 
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1 F 44 | LU | 2-35| 635| No | 5-36| 8-36 | 
2 M 23 | RU | 3-36/ 5-36| No | 936 | 11-36 | | 
3 M 30 | RU | 10-34 | 12-34| No | 635 | 8-35 | 
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Fic. 9 Fic. 10 


Fic. 9. Case 1 of table 1. Selective collapse left side. Open cavity left upper lobe. Sputum positive. 
Fic. 10. Case 1 of table 1. Same degree of collapse maintained. Cavity closed following general irradia- 
tion with quartz lamp. 
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pneumothoraces were abandoned after the result of treatment appeared 
no longer in doubt. 

Table 1 gives the result obtained in the 15 cases so chosen. In eight 
(53 per cent) the cavities closed; in seven (47 per cent) they did not. 
This is not an impressive percentage, but when it is considered that the 
patients selected were of that group, so puzzling and so baffling in the 
past, that one seemed to be at a dead end as far as therapy was concerned, 
it may not be without significance. Although several reactions were 
observed, as noted in the table, they were in all cases only transitory, 
lasting a few days, and apparently did no permanent damage. Natu- 
rally, it is difficult to get a large series which fulfills the above conditions. 


COMMENT 


Collapse therapy has so occupied the attention of clinicians during 
the past two decades, particularly as far as cavity closure is concerned, 
that new points of view have been long overdue. There undoubtedly 
exists a not insignificant group of cavities in which closure may be in- 
fluenced by factors other than pulmonary collapse, and in which the old 
rule of thumb (pneumothorax, phrenicectomy, thoracoplasty) is not 
applicable. This group constitutes to-day one of the most baffling clini- 


cal problems confronting the physician, a problem which urgently de- 
mands solution. The list of cases here presented is submitted not so 
much to recommend a method as to propose a new point of view, of 
which it is to be hoped there may be many in the future. An open mind 
in this matter is probably quite as important as an open bronchus. 


For helpful counsel and for aid in following certain patients, my thanks are due the 
Thoracic Surgery Group of the University of California Medical School, Dr. Harold Brunn, 
Director. 
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THE PROGRESSIVE PRIMARY COMPLEX”’ 
OSCAR AUERBACH 


It is well established that the initial tuberculous infection occurs as 
a nodule at the portal of entry and, together with its draining lymph 
nodes, runs a definite anatomical course. In the great majority of cases 
the primary complex goes on to anatomical healing. In a small number 
of cases, however, the primary complex goes on to progression. Despite 
the fact that this progressive primary complex has been observed in 
studies of the primary complex by Ghon (1), Ghon and Kudlich (2) and 
Blacklock (3), and of tuberculosis in sucklings by Moll (4), Ghon (5), 
Bergmann (6), Geipel (7), Hedren (8), Fischer (9), and Koch (10), it has 
hardly been investigated systematically. These investigators demon- 
strated that primary foci occurring in children under one year of age 
have a tendency to liquefy, whereas those occurring in children more 
than one year old usually go on to anatomical healing. Epstein (11) and 
Ghon (5) have applied the term “phthisical” to the form of cavitary 
tuberculosis in sucklings that develops from the primary infection and 
found that death in these cases results from pulmonary tuberculosis. 

Most of the knowledge of the progressive primary complex thus far 
accumulated comes from Europe and consequently the patients studied 
have been predominantly white. In the Pediatric Tuberculosis Service 
at Sea View Hospital not only is it possible to observe a considerable 
number of cases, but both white and Negro children are seen and an 
opportunity is presented to make a systematic study of the progressive 
primary complex in both groups at autopsy. 

This study covers seventeen cases autopsied in a period of four years. 
The age of the individuals ranged from nine months to nine years, 
with the highest incidence (fifteen cases) between the ages of one and 
three years. With one exception all were Negroes. At Sea View Hos- 
pital the proportion of colored children to white children at present 
is 5:4. This great preponderance of Negro over white emerges from 


1 Presented at a session of the Pathological Section at the 33rd annual meeting of the Na- 
tional Tuberculosis Association, Milwaukee, Wisconsin, June 2, 1937. 
2 From the Department of Pathology, Sea View Hospital, Staten Island, New York. 
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a population where a reverse numerical ratio of Negroes to whites exists, 
ind so one would expect to find in the hospital a fairly similar low ratio 
of Negro to white. Since, however, the reverse is true in this series, the 
implication would seem to be that the progressive primary complex is 
more prone to develop in the Negro than in the white. 

Whether the massive infection which the progressive primary complex 
represents, and which we encounter so predominantly in the Negro 
child, is to be explained on the basis of the greater exposure of these 
children to large and continued doses of tubercle bacilli from an active 
case of pulmonary tuberculosis must be considered. But in this series, 
it least, this does not seem to have been an important factor. Although 
some of the children had been exposed to open cases of pulmonary tuber- 
culosis, usually in the mother, nevertheless in eight instances no contact 
history of such exposure could be obtained. 


PULMONARY PRIMARY FOCUS 


Site: Since the foci result from the aspiration of tubercle bacilli, they 
are observed in the well aerated portions of the lungs. The focus was 
always present in the subpleural aspects of the lobe, and one could 
actually observe its location before the lungs were opened. If the case 
comes to autopsy before liquefaction has occurred, a mass may be felt 
just beneath the pleura. After the occurrence of cavitation, however, 
the pleurae over the focus are depressed. In eight patients of this series 
the primary foci were located in the lower lobe, and in nine cases were 
situated in the upper and middle lobes. In nine cases the right lung and 
in eight the left lung was the seat of the primary focus. 

Cross appearance: The size and appearance of the primary focus de- 
pend upon the stage of progression in which it is found. In this series 
it varied from 1.5 to 6 centimetres. A strikingly characteristic feature 
was the slight tendency to encapsulation and a strong tendency to lique- 
faction and cavity formation. In the early stage of progression the focus 
was smaller than the draining lymph nodes, whereas in the later stage of 
development the focus reached the same size and was even larger than 
the nodes. 

The progressive primary focus observed at autopsy reveals a large, 
irregularly demarcated area of caseation, with no definite capsule. The 
lung tissue immediately surrounding this nodule is pneumonic in char- 
acter and the pleura overlying the focus is thickened. This may be the 
result of a caseous pleuritis which has developed from the direct extension 
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Fic. 1. The progressive primary complex in a male colored child, aged two years. The 
primary focus is present in the right upper lobe (A). The enlarged peribronchial (B) and 
the tracheobronchial (C) lymph nodes show the same stage of development as the focus. 

Fic. 2. The progressive primary complex in a Negro male child, aged nine months. The 
primary focus (A) in the right upper lobe and the corresponding right superior tracheobron- 
chial lymph nodes (B) are in the stage of liquefaction. Caseous foci (C) in the left lung are 
in part due to a bronchogenic and in part due to a haematogenous dissemination. 

Fic. 3. The progressive primary complex in the stage of liquefaction in a Negro male 
child, aged one year. The focus in the right lower lobe (A) and the enlarged right inferior 
tracheobronchial nodes (B) show central liquefaction. There is a dissemination of foci (C) 
in the lower lobes. 

Fic. 4. Rupture of a softened peribronchial lymph node into the right lower lobe bronchus 
(A) with the development of secondary cavitation (B) following the perforation. The re- 
gional lymph nodes (C) are enlarged and caseous. The patient was a Negro male child, aged 
two years. 
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of the focus, for when a caseous pleuritis develops it usually involves 
the pleura over the entire lung. Most often, however, there is only a 
localized fibrous thickening of the pleura overlying the focus. 

In the later stages the area of caseation may progress to involve the 
greater part of a lobe, usually with liquefaction accompanying this 
extension, as in nine cases of this series. In one or more zones of the 
focus, softening of the caseous mass occurs and evacuation of the liquefied 
material results in an irregular shaggy excavation. This type of excava- 
tion, different from the tertiary cavity observed in isolated pulmonary 
tuberculosis, is designated the “primary cavity” (Schmincke (12)). 
Cavity formation in the primary focus occurs shortly before death so 
that the reparative process in the form of a productive reaction is not 
extensive. The capsule which forms the boundary of the primary cavity 
is not well defined, with large caseous masses forming the inner wall of 
the excavation and signifying incomplete liquefaction. Trabeculae, 
a constant finding in tertiary excavations, are usually absent in primary 
cavities. 

Although Jaffé (13) speaks of the possibility of a primary cavity 
rupturing into the pleural space and causing a pyopneumothorax, such 
a complication was not observed in this series. The rarity with which 
this occurs is due to the fact that the primary focus does not reach the 
pleura and that it is the perifocal reaction which surrounds it that extends 
to the pleura resulting in a fibrinous and later a fibrous thickening of the 
pleura. However, if the focus extends to involve the pleura then lique- 
faction and cavity formation may result in a spontaneous pneumothorax 
with a subsequent pyopneumothorax. 

The gross appearance of the remaining pulmonary parenchyma de- 
pends chiefly upon the stage of development of the primary focus. In 
all the cases in this series in which the focus did not go on to liquefaction 
there was evidence of haematogenous tuberculosis in the form of miliary, 
acinous and sublobular foci throughout the lung. But wherever primary 
cavitation was present, the lungs were studded chiefly with large foci 
in the form of sublobular and lobular areas of caseous pneumonia which 
were fused irregularly with the surrounding firm tissue and showed little 
tendency toward encapsulation. Central liquefaction and cavity forma- 
tion are frequently observed in bronchogenic caseous pneumonic foci 
but once cavitation has occurred it is impossible to distinguish foci of 
bronchogenic origin from those of haematogenous origin. 

Calcification was not observed in any one of the primary foci studied 
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in this series, confirming the findings of previous investigators. In four 
cases there was no active progression of the pulmonary foci, which meas- 
ured from 1 cm. to 2 cm. in diameter, were circular in outline, and were 
surrounded by a gray capsule. They were well demarcated from the 
surrounding lung tissue. Progression was present, however, in the 
draining lymph nodes. 

Microscopical appearance: The appearance of the focus is that of a 
large area of necrosis. The elastic fibres of the alveolar septa, vessels 
and bronchioles are intact within the zone of caseation, their presence 
identifying the focus as an original area of caseous pneumonia. The 
area of necrosis is surrounded by a narrow zone of granulation tissue, 
containing epithelioid and giant cells. Beyond this specific granulation 
tissue, the alveoli contain an exudate (perifocal inflammation) composed 
of serum, alveolar phagocytes and lymphocytes. The perifocal inflam- 
mation is extensive and occupies large areas of the lung. Liquefaction 
and cavity formation are similar in children and in adults and are the 
result of the action of the proteolytic enzymes digesting the caseous 
material. Liquefaction may take place in one or more areas of the 
caseation. With the expulsion of the liquefied material a cavity wall is 
present, the inner wall of which is composed of a wide area of caseation. 
In all finished cavities in adults, there is a third layer composed of fibrous 
tissue, but in children this is either not present or very poorly developed. 


THE LYMPH NODES OF THE PRIMARY COMPLEX 


The efferent lymphatic system of the lungs drains into the lymph nodes 
of the hilum. The nodes most extensively involved are those lying 
along the course of the bronchi and in the angle between the trachea and 
bronchi. The paratracheal, cervical, posterior mediastinal and peripan- 
creatic nodes are involved to a much lesser extent. Although caseation 
does occur in the lymph nodes of the contralateral side, most extensive 
involvement is found in the nodes on the side of the focus. They are 
matted together and often cause pressure on the surrounding structures 
such as the trachea, bronchus or blood vessels. 

Gross appearance: The lymph nodes which extend from the focus to 
the tracheobronchial angle are extensively enlarged, completely caseous, 
and frequently have undergone central liquefaction. Although the 
nodes in the tracheobronchial angle most frequently show this change, 
liquefaction may occur in the peribronchial lymph nodes. Liquefaction 
of the lymph nodes, however, is not necessarily concomitant with 
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liquefaction of the primary focus. Softening occasionally occurs both 
in the focus and in the lymph nodes, but more frequently it occurs 
independently in one or the other. 

The lymph nodes may rupture into the trachea, bronchi and blood 
vessels. In two cases of this series, a softened lymph node had perforated 
into a bronchus. In one instance a caseous pneumonia followed by 
cavitation ensued upon the rupture. In the other instance death (due 
to tuberculous meningitis) occurred too soon after the perforation for 
spread to occur through the bronchus. In each case it was a peri- 
bronchial node that had ruptured into the bronchus. 

Microscopical appearance: The entire node showed extensive caseation 
and the caseous zone was surrounded by a narrow zone of specific granu- 
lation tissue. Calcium deposition was not observed in any node but 
the central zones of some nodes showed liquefaction, and in these areas 
there were dense collections of intact polymorphonuclear leucocytes. 


CHANGES IN OTHER ORGANS 


Evidence of a haematogenous dissemination was present in every 
case. This generalization, which occurs while the primary complex is 
still fresh, has been designated by Huebschmann (14) as “early generali- 
zation” in contrast to “late generalization,” which occurs after the 
primary complex has healed. The spleen was the organ in which the 
caseous haematogenous foci were most frequently present, although 
they were also present in the kidneys, adrenals and liver. The spleen 
was enlarged in all seventeen cases and was densely studded throughout 
with yellow nodules varying from 1 mm. to 1 cm. in diameter and even 
larger. Haematogenous dissemination consisting of large nodules is 
known as large nodular tuberculosis and the findings of a large nodular 
haematogenous tuberculosis in any case with a progressive primary com- 
plex is indicative of an overwhelming blood-stream infection. The 
incidence ot haematogenous dissemination in this series was 100 per cent, 
which was greater than that reported by Hedren (8) (68.4 per cent over 
one year and 82.9 per cent under one year), and Ghon (5) (91 per cent). 
It is now generally accepted that haematogenous dissemination occurs 
not usually, but rarely as the result of the rupture of a caseous focus in 
the blood-stream (Huebschmann (14), Pinner and Kasper (15) and 
Rich and McCordock (16)). It is believed that it is the opening of the 
lymphatics into the venous circulation which results in the blood-stream 
dissemination, although, since the infection is most extensively present 
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in the lymph nodes, one would expect these to be the source of the 
entrance of the tubercle bacilli into the blood-stream. 

Tuberculous meningitis: Nine of the seventeen patients died of tuber- 
culous meningitis, whereas the remainder showed neither clinical nor 
pathological evidence of meningitis. Of the nine cases in which cavita- 
tion had occurred, four died as a result of a tuberculous meningitis. It 
is interesting to note that this finding doesnot confirm the observations 
of Epstein (11) and Ghon (5), who found that death resulted in such 
cases from the pulmonary lesions rather than from meningitis. The 
examination of the brains of those cases which expired as a result of 
tuberculous meningitis revealed the presence of tuberculomata in five 
instances. 

Gross changes in the gastrointestinal tract: Tuberculous ulcerations were 
found in all cases in which cavitary tuberculosis was present in the lungs. 
The ulcers were extensive and occupied great portions of the small and 
large intestines. Their presence can be explained by the well established 
fact that the liquefied cheesy particles containing numerous tubercle 
bacilli are not expectorated by children, but swallowed. Geipel (7) 
believes that lack of resistance of the intestinal epithelium in children 
to the tubercle bacilli may also be a factor in the frequency of intes- 
tinal tuberculosis. 


CONCLUSIONS 


1. The progressive primary complex was studied in a series of seven- 
teen cases which came to autopsy. 

2. Sixteen cases were Negro children, one was white, the age ranging 
from nine months to nine years. 

3. Generalization in the form of large nodular tuberculosis was present 
in all the cases, and tuberculous meningitis caused the death of nine. 

4. Cavitation with bronchogenic spread and extensive intestinal 
ulcerations, which were present in all cases with cavitary formation, are 
frequent complications of the progressive primary complex. 

5. Progression and softening may occur simultaneously or inde- 
pendently in both the primary focus and the draining lymph nodes. 
In two cases a caseous node had ruptured into a neighboring bronchus. 
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GENERALIZED NODULAR TUBERCULOSIS' 


Report of a Case Associated with Primary Carcinoma of the Lung 
J. E. WELKER anv LEE H. LEGER 


Tuberculosis of the liver as a terminal miliary lesion is found in from 
50 to 80 per cent of tuberculous patients coming to autopsy (8). On 
the other hand, local tuberculosis, either as solid nodules or as abscesses, 
is extremely rare. The latter condition was first described by Bristow 
(2) in 1858 and since that time few cases have been reported. 

The condition is characterized by multiple, irregular, white, firm 
nodules of various sizes which in some cases undergo softening to form 
tuberculous abscesses. 

Rosenkranz and Howard (10) have classified tuberculosis of the liver 
into four types: “(/) terminal miliary tuberculosis; (2) miliary tuber- 
culosis as a part of a generalized miliary tuberculosis; (3) local tuber- 
culosis, either multiple tumor-like tuberculomas or abscesses; and, finally, 
(4) tuberculosis of the bile ducts or tubular tuberculosis.” 

Since the case to be reported here represents the local form, only 
this type will be discussed. 

Felberbaum (4) in 1912 reported a case of nodular tuberculosis of the 
liver and in a review of the literature was able to find less than a dozen 
cases reported. Since that time we find the report of cases by Maxi- 
mowitsch (7), deCrespigny and Cleland (3), Sheldon (11), Walker (12), 
and Goyle, Vasudevan and Krishnaswamy (5). 

Morris (8) in 1930 reported a case of tuberculous abscess and found 
only eleven cases of abscess reported in the literature. Recently two 
more cases have been reported by Ariel (1). 

Rosenkranz and Howard (10) made an extensive review of the litera- 
ture and reported three cases of tuberculosis of the bile ducts. Two of 
these cases presented abscess formation but were not classified as a local 
form of tuberculosis of the liver. 

The case reported here illustrates the difficulties of clinical and patho- 


1 From the Department of Pathology, University of Kansas School of Medicine and St. 
Margaret’s Hospital, Kansas City, Kansas. 
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logical diagnosis. Clinically, this patient was ee to have either 
a cirrhosis or a malignancy of the liver. The pathological diagnosis was 
considered by everyone viewing the gross specimens to be a malignancy 
and unfortunately only a smal]l amount of material was saved. It was 
only through microscopical study that the real character of the lesion 
was determined. 


CASE REPORT 


Fred R. K., a white male, age 63, entered the hospital August 17, 1936 with the 
complaints of dyspnoea and oedema. Illness began in June, 1936, with pleu- 
risy lasting for two weeks, followed by dyspnoea and oedema. He had lost 
35 pounds in the two months prior to admission. 

Physical examination showed a poorly nourished white male with a barrel- 
shaped chest and sunken infra- and supraclavicular fossae. Expansion was 
diminished, especially on the left. Breath-sounds were diminished. The 
abdomen was enlarged and there was shifting dulness in both flanks. The 
margin of the liver was down about three fingers below the costal margin. 
There was oedema of the feet and ankles. 

Blood cultures gave negative results. The Wassermann reaction was nega- 
tive. The leucocyte count varied from 17,000 to 29,550 with 86 to 93 per 
cent polymorphonuclear leucocytes. The icteric index was 3.11. The urine 
analysis was persistently negative. 

Roentgen examination revealed a left partial hydrothorax and the liver 
shadow was enlarged, displacing the stomach. Fluoroscopy of the stomach 
revealed no intrinsic lesion. Three weeks after admission patient developed 
chills and fever which continued until his death seven weeks later. 

Postmortem examination: The peritoneal cavity contains about 4,000 cc. of 
clear straw colored fluid. The peritoneal surfaces are studded with firm white 
nodules varying in size from 1 to 15 mm. in diameter. The liver is enlarged 
and nodular and extends 6 cm. below the costal margin. The mesenteric and 
retroperitoneal lymph nodes are enlarged and some of them are firm while 
others are soft and show fluctuation. The left pleural cavity contains approxi- 
mately 1,000 cc. of a straw colored fluid. Many adhesions are present. The 
pleural surface of the left lung is opaque, thickened and roughened by many 
firm white nodules varying from 2 to 15 mm. in diameter, and showing a 
tough caseous material in the centre. There is a large firm circumscribed 
grayish-white mass, 8 by 10 cm., involving most of the left apex. Also a 
smaller similar mass, 3 by 3 cm., is located in the left hilum. Both of these 
masses showed a tough homogeneous necrotic material on section. Scattered 
throughout the left lung are many miliary tubercles. On the pleural surface 
of the left lung in the lower lobe is a gray, spongy, well outlined nodule which 
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measures 2 cm. in diameter. It projects 1 cm. above the surface and has a 
very different characer from the other nodules on the pleural surface, being 
much more cellular and friable. The pericardial sac is thickened, opaque and 
is studded with tubercles. Many fresh adhesions are present. The liver 


Fic.Ir 


. A: Cross section of liver showing large circumscribed tuberculous nodules. B: 
Same. 
Fic. II. A: Section of spleen showing tuberculous nodules. B: Portion of lung showing 
carcinomatous nodules (a) surrounded by tuberculous nodules. 


weighs 2,055 gm. The capsule is thickened and there are about 40 nodules 
visible on the surface. The smallest nodule being a mere speck while the 
largest is 7 cm. in diameter. There is no umbilication of the liver capsule 
about the nodules, which are grayish-white in color, firm in consistency and 
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are seen projecting from the surface. They are well outlined from the sur- 
rounding liver tissue. Throughout the cut section the liver tissue is found to 
have similar nodules, which cut with considerable resistance, appear to be 
encapsulated and resemble tumor masses. The centre of these masses is 


Fic. III. A: Microscopical section of undifferentiated carcinoma of lung. B: Section 
of liver showing small miliary tubercles. C: Section of liver showing edge of large caseous 
mass (a) surrounded by dense fibrous tissue and leucocytes. D: Section of spleen showing 
edge of a large caseous mass (a) surrounded by miliary tubercles with giant cells. 


tough in consistency and not at all friable. Similar nodules may be seen on 
the surface and in the substance of the spleen and also in the left adrenal gland. 
Anatomical diagnosis: Generalized nodular caseous tuberculosis affecting 


| 
| 
| 
z= 
“4 
+ 


358 J. E. WELKER AND LEE H. LEGER 


the liver, lungs, spleen, lymph nodes and peritoneum; tuberculous pericarditis; 
fibroid tuberculosis of lungs; fatty change in the liver; ascites; left hydrothorax; 
atelectasis of left lung; bilateral chronic adhesive pleurisy; undifferentiated 
carcinoma of left lung. 

The microscopical study of the liver shows miliary and conglomerate tuber- 
cles some of which are of a rather large size. The large tubercles consist 
mostly of caseation enclosed by dense masses of fibrous tissue in which there — 
is considerable leucocytic infiltration. The leucocytes consist chiefly of mono- 
cytes but many polymorphonuclear leucocytes are also present. Epithelioid 
cells are very few in number and only an occasional multinucleated giant cell 
is observed. In many places surrounding the large caseous areas, small miliary 
tubercles can be recognized. There is considerable atrophy of the cords of 
liver cells with degeneration and beginning fatty change in the central zones. 
Proliferating bile ducts in the fibrous tissue surrounding the caseous masses 
are numerous. ‘The sections of the left lung show considerable thickening of 
the pleura and pulmonary framework. Extensive, poorly defined areas of 
caseation are scattered throughout the sections. Here there is considerable 
epithelioid cell proliferation and a few multinucleated giant cells. There are 
also many miliary tubercles. 

A section through the grayish-white friable nodule found beneath the pleura 
of the left lower lobe shows a very different picture, there being a very cellular 
mass of tissue with the appearance of a well defined undifferentiated carcinoma. 


Numerous small atypical cells can be seen infiltrating the alveolar spaces and 
often filling them. 

Typical tubercles of various sizes may be found in the spleen, adrenals, 
pericardium and peritoneum. Acid-fast microérganisms are found in acid- 
fast stains of the lesions in the spleen, liver and lungs; they have the mor- 
phology and appearance of tubercle bacilli. 


DISCUSSION 


There has been much controversy as to the mode of infection in local 
tuberculosis of the liver. Felberbaum (4) is of the opinion that the 
infection reaches the liver by way of the portal circulation and is usually 
secondary to intestinal tuberculosis. However, three cases have been 
reported which were apparently primary in the liver. He states that the 
miliary tubercles have their origin in the hepatic capillaries of the portal 
system, through thrombosis in these structures and that these miliary 
tubercles often coalesce to form conglomerate tubercles or nodules which 
may later soften to form abscesses. Strauss, according to Page] (9), in 
support of this theory has been able to produce positive results in animals 
on injection of portal blood from patients who died with intestinal 
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tuberculosis. However, Rosenkranz and Howard (10) are of the opinion 
that lesions formed in this way show no tendency to form abscess cavities 
or to enlarge by continuity or confluence. Kaufmann (6), Sheldon (11), 
and Morris (8) have emphasized the lymphatics as the probable con- 
veyers of the infection from a tuberculous peritonitis to form tuberculous 
abscesses of the liver. 

Whatever the mode of infection may be, nodular tuberculosis and 
tuberculous abscesses of the liver probably have a similar origin as is 
illustrated by Maximowitsch’s (7) case in which there were multiple 
liver abscesses as well as large, firm, pseudoneoplastic nodules. Ab- 
scesses are probably the result of softening of the large tuberculous 
nodules. This case, however, showed no secondary softening or abscess 
formation. 

Clinically, in local tuberculosis of the liver, there is usually enlargement 
of the liver without jaundice or pain. Fever is variable. There is 
usually a moderate leucocytosis with a predominance of polymorpho- 
nuclear leucocytes. However, there are no clinical phenomena which 
are characteristic. 

The gross pathological diagnosis in the nodular type is quite difficult. 
The nodules are found raised from the surface of the liver as well as 
distributed throughout the liver substance. No umbilication of the 
surface is seen about the nodules. This may aid in the differentiation 
from neoplasms. The nodules appear as white, irregular masses of 
various sizes and shapes which are usually outlined by a thin fibrous 
capsule. They vary in size from a barely visible speck to 6 to 7 cm. in 
diameter. They are quite firm in consistency and on section have a 
grayish-white color. The picture closely simulates that of a metastatic 
carcinoma and seldom is the correct diagnosis made without the aid of 
the microscope. These nodules are not always confined to the liver but 
may be present in the spleen, lungs, lymph nodes and peritoneal surfaces 
as in the case reported here. ° 

Histologically the condition is easily diagnosed as an infectious gran- 
uloma, but the demonstration of the acid-fast bacilli in the tissues is at 
times very difficult. There are but few giant cells present and the 
round cell and epithelioid reactions are strikingly diminished about the 
large necrotic areas. Frequently small typical tubercles may be found 
surrounding the large caseous nodules, and in these the acid-fast micro- 
organisms are more numerous, as was found in our case. 

It is interesting to speculate on the relationship of the tuberculosis 
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to the undifferentiated carcinomatous nodule found in the lung. It 
has long been known that tuberculosis is quite common in debilitated 
carcinoma patients; but it is difficult to attribute this relationship in 
this case. 


SUMMARY 


An unusual case of tuberculosis, in which the lesions are of the massive 
nodular type, is reported here. It is characterized by large, multiple, 
gray, firm nodules of various sizes and shapes distributed throughout 
the liver, spleen, lungs and lymph nodes. Grossly the lesions may be 
confused with a neoplasm, but this is easily eliminated by the extensive 
masses of caseous necrosis and the demonstration of acid-fast bacilli. 

The presence of the undifferentiated carcinoma of the lung in this case 
presents the problem of the relationship of malignancy to tuberculosis. 
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Lawrason Brown 
1871-1937 


Lawrason Brown died at his home in Saranac Lake on Sunday, De- 
cember 26, 1937; his last words typical of his life, for he had sought above 
all things the truth in medicine, yet never missed an opportunity to 
soften a trying moment for a patient or a friend. When his medical 
friends, called by his first sudden attack late Christmas Eve, had sought 
to soften the news to him, he asked, ‘‘What’s the matter with you 
fellows? Don’t you know or are you afraid to tell me?’ And then 
told them what they had refrained from telling him. When they came 
again early that Sunday morning he smiled and said, “What did I tell 
you? Merry Christmas!”—and was gone. 

Lawrason Brown was born in Baltimore, Maryland, September 29, 
1871, the son of William Judson and Mary Louise (Lawrason) Brown. 
He attended Baltimore City College and the Johns Hopkins University, 
graduating from the latter with honors in 1895; the quality of his work 
being further attested by his election to Phi Beta Kappa. He entered 
the Johns Hopkins Medical School where his ability and personality 
soon attracted the regard of his teachers, notably that of Doctor Osler 
and Doctor Welch; which regard ripened in the after years into warm 
personal friendships. 

While in his third year of Medical School, he developed tuberculosis 
and was sent to Saranac Lake where he came under the care and influence 
of Doctor Trudeau. His friends little dreamed that he, like Doctor 
Trudeau, would live to translate his personal misfortune into a life of 
lasting benefit to mankind, and to place his name among those of the 
few great leaders who have inspired and guided the successful campaign 
for the control of tuberculosis. After a year he returned to Johns Hop- 
kins where he received his M.D. in 1900, and then went back to Saranac 
Lake to take charge of Trudeau (then the Adirondack Cottage) Sana- 
torium. 

In 1914 he married Miss Martha Louise Harris of Baltimore, and her 
complete understanding of and sympathy with that inner fire which kept 
him tirelessly at work gave him a support without which his remarkable 
accomplishments would hardly have been possible. 
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He was an indefatigable worker and throughout his life gave freely of 
his time and energy to further the cause of medicine, often at a cost to 
himself known only to those nearest to him. His magnificent courage 
was such that, even when a baffling skin malady was robbing him of his 
sleep and making it impossible over long periods for him even to wear a 
shoe, he would appear at important meetings, when a lesser spirit would 
have been at home and in bed, and, passing off with a smile and a jest 
any reference to himself, would give his full attention to the matter in 
hand. His life was undoubtedly shortened by this course, but to him 
life was of little importance compared to the opportunity it gave for 
adding to the understanding of the baffling problems of tuberculosis. 

He was one of the founders of the National Tuberculosis Association, 
serving on its Executive Committee and as its President in 1922. He 
founded the American Sanatorium Association and was its President from 
1919 to 1923. He took an especial interest in the American Climato- 
logical Association, of which he was a member for thirty-four years and 
President in 1920, and, with the late Dr. Gordon Wilson, was largely 
responsible for its expansion into the American Clinical and Climato- 
logical Association. He was a member of the Association of American 
Physicians, the American Association for Thoracic Surgery, the American 
Association for the Advancement of Science, the American Public Health 
Association, the American Medical Association, the Medical Library 
Association, the New York Academy of Medicine, and a Fellow of the 
American College of Physicians. 

He served on many boards, among others those of the Trudeau Sana- 
torium, the New York State Hospital at Ray Brook, the Waverly 
Hills Sanatorium at Louisville, the Potts Memorial at Livingston, New 
York, the Henry Phipps Institute of Philadelphia, and The Milbank 
Foundation. He was a member of the committee appointed by the 
Surgeon General for the evaluation of the Framingham demonstration, 
and in 1934 was appointed by’Governor Lehman to the New York State 
Board of Social Welfare. 

He served during the World War as consultant in tuberculosis, 
spending some time at Camp Devens in that capacity, and was a 
member of the American Legion. 

In the midst of his widespread national activities he always found time 
for the affairs of the Trudeau Sanatorium and the village of Saranac 
Lake. He was a leader in the founding of the Saranac Lake Tuberculosis 
Society, having a large part in raising the funds for its support, and, as 
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was his wont, giving liberally of his own means; he was the active chair- 
man of its Relief Fund and of its Occupational Therapy Committee. 
He organized the Stevenson Society for the purchase and preservation of 
the cottage occupied by Robert Louis Stevenson and was the first Presi- 
dent of the Stevenson Club of America. He was on the staff of the Re- 
ception Hospital and of the Saranac Lake Hospital, a trustee of the 
Saranac Lake Free Library, a member of the Saranac Lake Board of 
Trade and he took a lively interest in the schools and school children. 
He helped organize the Adirondack Good Roads Association and was 
a member of the Association for the Protection of the Adirondacks. 
He founded the Osler Club for the study of medical history, which hobby 
he shared with his old teacher and friend for whom the Club was named. 

His work at Trudeau Sanatorium was in itself sufficient to satisfy the 
desires of any ordinary man; and, had he done nothing else, he would 
still have made his name honored as a leader in the tuberculosis field. 
When he took over the residency of the Sanatorium in 1900 there was 
none of the organized medical routine which has made that institution a 
standard for the sanatorium world. For years, every moment he could 
spare from the regular care of the patients was given to perfecting its 
organization as a centre where thorough medical care, keen clinical 
observation and scientific research combined not only to give its patients 
the best possible chance of recovery, but also to make its results and its 
records available as a guide for the new institutions then being estab- 
lished in all parts of the country. He inaugurated its system of accurate 
medical records, and also that for the follow-up studies of its discharged 
cases and in these records he searched constantly for all facts there re- 
corded which would add to the understanding of tuberculosis. In the 
twelve years he was active head of the Sanatorium he published forty 
articles based upon these studies. 

This work of collecting and making available to the world the wealth 
of information found in these medical histories was perhaps Lawrason 
Brown’s greatest contribution to the welfare of mankind, for, in addition 
to helping to a clearer understanding of tuberculosis, he changed our 
whole conception of a sanatorium from that of a mere home where pa- 
tients lived in the open air to that of a well organized centre where 
patients are given the highest type of medical and social aid, and where, 
through constant stimulation of its staff to clinical and laboratory re- 
search, the quality of this service is undergoing continual improvement. 
The best was never quite good enough to his mind, and he inspired the 
same feeling in all who worked under him. 
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But, in his passion for scientific medicine, he never for a moment lost 
sight of the patient as an individual. In the Sanatorium, as in his 
private work, he seemed always to have time for their personal problems; 
always planning to lessen the burden of the long inactivity of the cure. 
In 1904 he published the Journal of the Out-Door Life using it as a ve- 
hicle for instruction to the patients and at the same time for awakening 
them to outside interests. He edited it, paying the yearly deficits 
himself, until it was taken over by the National Tuberculosis Association 
in 1910. He interested the patients in botany and in the study of birds, 
and in 1905 started an open-air shop where crafts and bookbinding were 
taught. He was largely instrumental in the establishment of the Medi- 
cal Building where new admissions are thoroughly studied; the Medical 
Library; the research and X-ray laboratories where he worked in close 
codperation with Petroff and Sampson; the Ludington Memorial In- 
firmary and the Training School for Nurses. He took great interest in 
the Trudeau School of Tuberculosis, and was never more himself than 
when surrounded by a group of younger men, asking and answering ques- 
tions; his mind alert for the opportunity to fire their imagination and to 
awaken in them enthusiasm for that eternal search for the truth which 
was such a compelling force in his own life. He loved a good argument, 
and it was not uncommon, especially with younger men, to hear him take 
a position quite different from what he really believed just to see how 
clearly he could induce them to think out what he believed the true 
answer. He loved the society of younger men and had few equals in his 
power for bringing out the best in them. 

When he left Trudeau in 1912 he continued on its visiting staff, making 
regular visits until 1929 when ill health forced him to stop. He con- 
tinued his active interest in its affairs up to the time of his death, always 
delighting in advising and consulting with Doctor Heise, whose work 
and friendship he valued deeply. 

His contributions to medical literature brought him international 
recognition as one of the outstanding authorities on the diagnosis, treat- 
ment and control of tuberculosis. His Rules for Recovery from Tubercu- 
losis has guided more patients in their cure than any other book. JInies- 
tinal Tuberculosis (with H. L. Sampson) and The Lung and Tuberculosis 
(with Fred H. Heise) are the two outstanding studies of his work at 
Trudeau. He was a contributor to Osler and McCrae’s Modern Medi- 
cine, Klebs’ Tuberculosis, Tice’s Practice of Medicine, Cecil’s Textbook 
of Medicine and Blumer’s Therapeusis of Internal Diseases, and since 
1922 he had edited the department of Diseases of the Chest in the 
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Year Book of General Medicine. In addition to all of this his miscel- 
laneous publications were nearly one hundred and fifty in number. At 
the time of his death he was busily engaged with a book on the History 
of Tuberculosis and had completed all but the last two chapters. His 
interest in the publications of others was as keen as though they were 
his own. Nothing could have been more characteristic of the man than 
his action on learning that Dr. William Snow Miller had no fund avail- 
able for the publication of his book on the anatomy of the lung. He 
immediately started a subscription to raise the needed funds, writing 
personally to men in all parts of the country. He could have secured 
the entire amount from any one of several sources but, in spite of the 
extra demand upon his own too limited time, preferred to give Doctor 
Miller the gratification of knowing that the gift represented the wide- 
spread appreciation in which he and his work were held. 

Among other honors which came to him were the degrees of Doctor 
of Science from Dartmouth in 1931 and the Medical College of Virginia 
in 1936. Two other American universities sought to confer degrees 
upon him but his failing health made it impossible for him to be present 
to accept them. In 1933 the National Tuberculosis Association awarded 
him the Trudeau Medal in recognition of his studies in tuberculosis. 

He was a member of the Phi Kappa Psi, Phi Beta Kappa and Alpha 
Tau Omega fraternities, and of the Charaka Club and the Grolier and 
Century Clubs of New York. 

His interests extended far afield from his life work of medicine. Medi- 
cal history was his pet hobby but he was widely read in general literature, 
and old books, prints, wood-cuts, paintings, birds, flowers, bookbinding, 
golf and athletics in general (he was a famous athlete in his college 
days), civics and politics all had their appeal to his enquiring mind, 
giving him a ready footing of mutual interest with people of all classes. 
This, combined with his high professional ability, his cheery smile, his 
sympathy, his optimism and the example of his own courageous life, 
made him beloved as a physician beyond the lot of most men. 

Simple and unspoiled by the honors which came to him; forgetting 
his own severe physical disabilities in his efforts to alleviate those of 
others; inspiring with his rare courage and his insatiable thirst for the 
truth; charitable to all save to himself; with an interest in his fellow 
man which took no heed of high or low, of rich or poor, of race or creed; 
“with forward face and unreluctant soul”’ he lived his life. 

D.R. L. 
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NOTE 


Due to the very recent revival of interest in extrapleural pneumothorax 
attention is directed to what appears to be the first detailed report on a large 
series of patients. Olivier Monod (1) discusses in a well illustrated paper the 
technique, indications and the maintenance of extrapleural pneumothorax, 
based on observations on 40 patients in the Laennec Hospital in Paris. 

The older literature on this procedure, which is not as new as recent discus- 
sions would indicate, is summarized by Alexander (2). In the period between 
Alexander’s summary and Monod’s paper a number of case reports (3) have 
appeared. 


(1) Monon, O.: Technique, indications et entretien du pneumothorax extrapleural, Ann. 
méd.-chir., 1938, 3, 1. 
(2) ALEXANDER, J.: The collapse therapy of pulmonary tuberculosis, Charles C. Thomas, 
Springfield, Illinois, 1937, p. 403. 
(3) Durourt, A. P., Santry, AND Bérarp, M.: A propos du pneumothorax extrapleural, 
Rev. d. 1. tuberc., 1937, 3, 446. 
HAUTEFEUILLE, E., AND Dreyrus-LE Foyer: Le pneumothorax extrapleural théra- 
peutique, Presse méd., 1937, 1, 859; Rev. d. 1. tuberc., 1937, 3, 436. 
Nissen, R.: Die chirurgische Behandlung der Oberlappenkaverne, Schweiz. med. 
Wehnschr., 1937, 67, 334. 
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A FUNCTIONAL TEST IN CHRONIC PULMONARY 
DISEASE!” 


BENJAMIN H. SCHLOMOVITZ, A. B. THOMPSON ano L. GRANT GLICKMAN 


A method that can be used in clinical work to estimate respiratory 
efficiency and therefore disability in silicotic pulmonary fibrosis is pre- 
sented in this paper. 

Many laborers exposed for years to the inhalation of certain dusts, 
composed of or associated with silica, eventually develop acute or chronic 
pneumonoconiosis which is characterized by a generalized pulmonary 
fibrosis. Roentgenologically this fibrosis (excluding those produced by 
asbestos and granite) has been rather universally classified into three 
groups or stages, called either first, second and third or early, moderate 
and advanced infiltration. The extensive literature on pneumono- 
coniosis has been presented by Davis and Salmonsen (1), Gardner (2), 
and others. 

In assessing respiratory disability in this industrial disease, the 
majority of clinical observers deny such disability in uncomplicated first- 
stage silicotics, and admit its presence in third-stage silicotics whether 
or not complicated by infection or cardiovascular disease. However, in 
estimating disability in second-stage silicotics, considerable difference of 
opinion has arisen in interpretation of the signs and symptoms. No 
relatively simple method of determining the efficiency of the respiratory 
apparatus is available as yet, and the age group of these silicotics corre- 
sponds to the decades when cardiovascular disturbances are prone to 
appear as concurrent complicating factors. Therefore, adequate medical 
supervision, particularly of second-stage silicotics, depends on the dis- 
covery of objective criteria of respiratory efficiency (McCann (3), 
Moncrief (4)) and the proper evaluation of the pulmonary changes which 
may occur as a result of cardiovascular pathology. 


1 From the Veterans Administration Hospital, Milwaukee, Wisconsin. 
2 Published with the permission of the Medical Director of the Veterans Administration, 
who is not responsible for opinions expressed or conclusions drawn by the authors. 
34 preliminary paper was presented before the American Physiological Society, April, 
1935. See Abstracts of the meeting. 
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METHOD 


We sought a solution of this problem by studying the respiratory re- 
action of silicotic individuals to an exercise test, more particularly the 
variations in oxygen usage as disclosed by the increased oxygen demand 
after a standardized form of physical activity. Hill (5) in 1922 stated 


that “the only practicable means of following the recovery process in > 
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Read all tracings from right to left. Each mm. is equivalent to 20.73 cc. of oxygen 


Fic. 1. Tracing of basal metabolic rate, which was plus 4 per cent, or 17 mm. (352 cc.) 
per minute. 


man is that of determining the oxygen intake following exercise,” and 
Evans (6) noted that it would be well if data “could be confirmed by 
observations with some closed-circuit apparatus.’’ Such a method was 
adopted by us (figures 1 & 2). The oxygen consumption during the 
recovery phase following moderate muscular activity was registered 
graphically, and the excess oxygen usage recorded. 

On three to five separate days, individuals were exercised after a 


my 


il 


370 

| 

102% mm: 

COLE 
il 
| 
— 


FUNCTIONAL TEST OF RESPIRATION 371 


twelve-hour postabsorptive resting period. Some were investigated in 
the nonbasal state. The exercise was done for 45 to 60 seconds and 
comprised the shoulder-to-floor carriage (about five feet) of a ten-pound 
dumb-bell grasped in each hand for 25 times, or roughly 5,000 ft. lbs. 


BASAL = 


+ 


sas 


Fic. 2. Response to the exercise tést by same subject. Period of exercise in air is shown in 
first minute; then subject in prone position is connected with the metabolism recording 
apparatus, and the response in the following 6 minutes (1 to 7) isshown. The excess oxygen 
usage for the 6 minutes is 1,698 cc., or 765 cc. per square metre of body surface. 


(675 kilogram metres), bearing in mind the fact that movement of the 
body masses involved (mainly head, trunk, arms) forms a part of the 
energy demand. In some instances five to fifteen seconds elapse after 
exercise before the tracing is started. In the next successive seconds 
care must be observed in making the proper reading because of the 
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greatly increased ventilatory efforts. The exercise is performed in 
atmospheric air. Then postexercise determinations are made with the 
subject breathing into an ordinary basal metabolism recording apparatus 
containing practically pure oxygen except for the nitrogen from the first 
exhalations after the subject is connected with the apparatus. For this 
part of the test no corrections need be made for temperature, humidity, . 
or barometric pressure. 

Such increased oxygen demands following physical activity were 
studied in (/) healthy individuals, those having (2) thyroid dysfunction, 
(3) tachycardia, (4) cardiovascular disease, and (5) emphysema, as well 
as those having (6) silicosis. 

That the dumb-bell test, as employed in this study, was not an exact- 
ing one was further confirmed by a special group of experiments in which 
the cost of work in terms of oxygen consumption for the 5,000 ft. lbs. 
(675 kilogram metres) was determined (to be reported in detail else- 
where). Briefly, these cost experiments showed that the average excess 
oxygen usage during the one minute of exercise was 1,175 cc., or about 4 
times the basal metabolic rate. The average mean variation was 6.3 per 
cent. For the seven minutes, the average total oxygen cost, or require- 
ment, was 1,090 to 1,445 cc. per square metre of body surface. 

The 5,000 ft. lb. exercise was used as the standard because it certainly 
is not permissible to exact work from individuals, even for one minute, 
that would involve overload responses or excess strain. 

The oxygen cost of the exercise adopted by us falls within the range of 
moderate exercise such as cited by Schneider (7), Hill (8), Lowsley (9), 
Kahn (10), Bainbridge (11), Simonson (12), Hanson (13), and many 
others. It does not even approach the possible maximum oxygen intake 
of about 4,000 cc. during one minute of excessive or severe exercise as 
determined by Hill and others. Sir Thomas Lewis (14) states that 
“healthy young adults, untrained to the work, will lift the 20 lb. bells 
40 to 60 times in double the number of seconds before approaching the 
full effort.’’ See also Henderson and Haggard (15). 

Some investigators have sought a practical application of the deter- 
mination of oxygen debt in cardiac cases (16) and in pulmonary tubercu- 
losis (17). None of them, except Katz (16) and his fellow workers or 
Eyster (16), made actual and total minute-to-minute observations 
starting immediately at cessation of the muscular activity. Cases 
predominantly pulmonary, with or without cardiac impairment, have 
apparently not been reported before. Besides our April, 1935 communi- 
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cation before the American Physiological Society, a preliminary report 
on only a few advanced silicosis cases was presented by Jacobaeus, Nylin 
and Almberg in the fall of 1935 (18). 


DATA 


Table 1 gives a summary of the groups studied, the number of subjects 
in each group of cases, the excess oxygen consumption per square metre 


TABLE 1 
Summary by groups giving range (extremes), average and exceptions for 6 minute postexercise 
oxygen usage per square metre of body surface 


FACTOR OF 
INCREASE: 
EXCESS 
OXYGEN 
DIVIDED 
BY BASAL 
RATE 


Healthy Normal pulse response (a) 688- 806 4.1-5.7 
subjects Fast pulse response (b) 676— 823 3.9-5.9 
Ambulatory cases (c) 607— 772 2.6-3.9 
Lindhard effect (d) 904-1,115 
Thyroid dys- (e) 651- 734 2.9-6.8 
function 


Emphysema Uncomplicated 355- 549 2.2-3.5 


Silicotics ist or early stage 705-— 883 574; 587 
2nd or moderately advanced | 371- 618 697 
3rd or far advanced 609- 707 


Cardiacs No pulmonary fibrosis (f) 1,014-1, 182 
With emphysema 738-1 ,094 
With silicosis (g) 723-— 736 


(a) pulse returns to normal two minutes after exercise 

(b) pulse persisting at 100 or above two minutes after exercise 

(c) no previous basal test required; had breakfast 

(d) subject held breath during exercise, found only in healthy cases 
(e) hyper- or hypoictivity of thyroid glands, shown by BMR 

(f) no pulmonary changes in X-ray films 

(g) second-stage silicosis plus organic cardiac changes 


of body surface for six minutes following exercise, and the factor of 
increase over the individual basal metabolic rate in each case. In pre- 
liminary calculations, inspection of the factor of increase in oxygen con- 
sumption and the values for excess oxygen per square metre of body sur- 
face showed that the factor of increase was not as reliable an index as a 


CASES aven- 

GROUP RANGE IN CC. |“, | EXCEPTIONS 
3.7-5.5 
2.1-5.0 
3.74.6 

1,079 6.9-8.2 
869 4.46.7 
729 4.1-4.6 
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basis of comparison with data that might be derived in other investiga- 
tions. This was first evident from an analysis of the ambulatory cases 
(c). Just as height and weight play the most important réles in deter- 
mining basal metabolism, so do these same factors affect the final oxygen 
value in exercise. An intensive statistical analysis is not indicated 
because of the small numbers in each series. The variations, however, 
are significant, because the cases were selected with care. It must be 
appreciated that silicotic individuals have a great tendency to become 
tuberculous. These were eliminated and later verified as such by post- 


TABLE 2 
Normals 


EXCESS O2-USAGE AFTER EXERCISE: 
CC. IN SUCCESSIVE MINUTES 


BASAL O2-USAGE 
PER MIN., UN 
CORRECTED 
SQ. METRE 


. . . . . . ‘ACE IN q 
| ams 
38 
0 T+S =cc. Per 
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lbs. 
146 
143 
138} 
239 
154 
130 
171 
1663 
213 
1193 
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mortem examination. Constancy in reaction was tested by making 
three or four separate determinations,in some of the cases. 

To avoid further repetition in the text all figures for excess oxygen 
usage represent cc. per square metre of body surface during the six minutes 
following the exercise. 

Fourteen healthy individuals with adequate pulse reaction, return 
to preéxercise level within two minutes after exercise, were found to be in 
the range 688 to 806 cc. (see table 2 for examples) and five with persistent 
high pulse-rates after exercise had values from 676 to 823 cc. Inspection 


Average......| 354 = 284 Ee 195 © 75|1,414| 765 
| Extremes..... . 21 = 1,078 694 
46 jt,727 806 
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of the last column in table 2 shows that for the 6 minutes the excess 
oxygen usage averaged 765 cc., with a maximum variation of 9 per cent. 
Comparisons on the basis of square metre of surface area have been 
found to be most significant as is evident in the last column of table 2. 
Ambulatory healthy subjects who had eaten breakfast ranged from 607 
to 772 cc. Seven cases with either a high or low basal metabolic rate 
(thyroid dysfunction) had a range of 651 to 734 cc., and therefore were 
essentially normal. A few healthy subjects had high values, 904 to 
1,115 cc. These held their breaths for some time during the exercise, 
and in this fashion showed what can be called a modified Lindhard effect 
(19). This never occurred in any other group. 

Constancy in reaction on different days, regardless of activity, is 
shown in table 3. 


TABLE 3 


Experiment 89. Oxygen usage after exercise 


isT MINUTE 2ND MINUTE 3RD MINUTE 


ce. 


After basal 
3/11/35 621 
3/12/35 688 
688 

Ambulatory 
3/13/35 746 


Five emphysematous patients with no detectable cardiovascular dis- 
turbances yielded a decidedly low range, 355 to 549 cc., as compared to 
the healthy subjects. 

All three patients with organic heart disease showed much higher than 
normal values, or 1,014 to 1,182 cc. As this reaction has been substan- 
tiated by other research (16) no further determinations were made by us. 
When the cardiac disorder was complicated by emphysema then the 
values tended to drop back to the normal range. For three such cases 
the values were 738, 869 and 1,094 cc. 

The group of chronic silicotics showed a general tendency to drop below 
the range for healthy individuals; in this respect simulating the emphy- 
sematous cases. This was especially true in those with an uncomplicated 
second-stage silicosis, and here the values fell as low as 371 cc.; five out of 
eight cases ranged from 371 to 537 cc., while the remaining three cases 
were 608, 618 and 697 cc. respectively. 


if 
| 
DATE TOTAL 
| 310 124 1,057 
| 315 128 1,131 
252 128 1,068 
248 82 1,077 | 
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When a patient had a second-stage silicosis plus organic heart disease 
then the values reverted to the range of the healthy group. Three such 
cases gave figures from 723 to 736 cc. It has already been noted by 
others as well as ourselves that patients with organic heart disease have 
high values. 

A number of pathologists believe that many patients with third-stage - 
chronic silicosis develop cardiac impairment, and that may account for 
the fact that these cases did not have low values (609 to 707 cc.) but 


POST-EXERCISE EXCESS. OXYGEN | 
CONSUMPTION 


m™m. 


SY: 


CC. 


“SILICDSTS 


Avera 


Fic. 3. See text for description 


showed a tendency to come back to normal, apparently masking the 
effect of the silicotic fibrosis. 

Although in this study we were not initially interested in the response 
of tuberculous individuals, opportunity to record the reaction of three 
apparently healed tuberculous cases, 30 to 70 years old, that had pul- 
monary fibrosis resembling first- and third-stage silicosis, disclosed a low 
or normal response. | 

Figure 3 graphically presents the essential differences in the various 
groups. The silicosis block shows the second-stage cases that gave low 
determinations. 
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DISCUSSION 


The experimental data show an interesting variation in the excess 
oxygen usage. This variation is apparently dependent upon some differ- 
ence in each group of uncomplicated emphysematous, silicotic, and cardiac 
disease, as distinguished from normal or healthy individuals. Cases of 
emphysema or moderately advanced silicosis may have a decidedly low 
postexercise excess oxygen usage response as contrasted with cardiac 
cases. Healthy individuals and some of the second-stage silicotics are 
intermediate between these two series. It is interesting that many 
cases of second-stage silicotic fibrosis and pulmonary emphysema yield 
identical results in spite of the fact that the basic morbid changes of the 
two conditions are different. However, when both groups are compli- 
cated by organic heart disease associated with pulmonary congestion, 
then their original low reaction is obscured. 

Several signs, hyperpnoea and reduced vital capacity, are characteristic 
of the three types: pulmonary fibrosis, emphysema, and pulmonary 
congestion. The postexercise response, however, evidently shows that 
functionally the intrapulmonary condition of many second-stage sili- 
cotics and emphysematous individuals is exactly opposed to what is 
found in cardiac cases. It is difficult to say wherein this difference arises. 
With the present state of our experimental knowledge concerning the 
other physiological effects of one minute’s moderate exercise, further 
speculation seems fruitless (see review on dyspnoea by Tinsley R. 
Harrison (20) page 288). Our present aim was to record the changes 
that occurred. These changes are probably dependent upon alterations 
of residual air. 

We believe that the dissimilar data in the noncardiac cases (emphy- 
sema or silicosis, second stage) and cardiac cases indicate a measure of 
pulmonary changes per se, and prove that this exercise test detects 
alterations in the pulmonary apparatus which can be measured; and that 
in spite of Lichtheim’s (21) assumption there is not an extensive extra- 
respiratory epithelial tissue reserve from the functional standpoint. 
Many years ago Cloetta (22) and others had already demonstrated this 
fact by seeking its solution from other angles. 

The phenomenon of sudden, rapid and marked increase in pulmonary 
ventilation, that occurs in healthy subjects at the instant of transition 
from rest to exercise before any physicochemical blood changes can occur, 
has been commented upon quite often. If the respiratory or breathing 
surface of the lungs were really adequate for demands in minor exercise or 


377 


378 SCHLOMOVITZ, THOMPSON AND GLICKMAN 


if there were sufficient reserve of the respiratory epithelium at all times, 
such a critical event, early sudden increased ventilation, need not occur, 
according to some authors. On the basis of studies on man Himwich 
and Loebel (23) ventured the opinion that “the pulmonary mechanism 
may be a limiting factor in exercise,’ and Harrop and Heath (23) stated 
that “‘some functional obstruction exists in the lungs.” 

Can one conclude from these facts that we are reporting a method 
which distinguishes cardiac from pulmonary impairment? 

To solve this problem proper value must be given to the data in which 
the oxygen response was uninfluenced by heart-rate in the normal cases 
or by thyroid dysfunction. 


SUMMARY 


1. The postexercise excess oxygen absorption or oxygen usage of 
normal or healthy individuals subjected to moderate exercise is com- 
pleted essentially within six minutes after the termination of the exer- 
cise, returning to the level of oxygen intake at rest. 

2. Asimilar response is elicited in cases of thyroid dysfunction (hyper- 
or hypothyroidism), in cases with persistent tachycardia, and in normal 
individuals whose pulse-rates remain persistently rapid after exercise. 
_ 3. The excess oxygen used per square metre of body surface is com- 

parable. 

4. In silicosis, (a) first-stage cases generally give low normal responses 
or a little lower than normal response to the exercise test; (6) many 
second-stage cases show a diminished response, unless there is a compli- 
cating cardiovascular condition and then the responses rise to the 
normal range; and (c) third-stage cases usually give a normal or slightly 
below normal response. 

5. Individuals with emphysema uniformly give a low response, unless 
they are complicated by cardiovascular disease, and then the values are 
normal or quite high. 

6. Individuals with cardiovascular disease uncomplicated by pulmo- 
nary fibrosis respond to moderate exercise by a much higher value than 
the 6-minute postexercise excess oxygen usage of healthy subjects. 

7. If lung lesions (silicotic fibrosis or emphysema) are present in 
patients with cardiovascular disease then the excess oxygen usage drops 
to the normal range. 

8. An analysis of the above findings discloses the fact that uncom- 
plicated cases of second-stage silicosis often give consistently an abnor- 
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mally low response to oxygen consumption after exercise. We believe 
that when this occurs it is an indication that this clinical respiratory test 
discloses the presence of a functional or physical disability, and that it 
is therefore an adequate efficiency test. 

9. In clinical work, a preliminary basal oxygen consumption test 
need not be done, if the final calculation of excess oxygen usage is figured 
against surface area of the body. 
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TUBERCULOSIS OF THE GUMS AND CHEEKS! 
GEORGE G. MARTIN anp SHELDON W. KOEPF 


Tuberculous ulceration of the mouth is an occasional complication of 
pulmonary tuberculosis. Rubin (1) gives an incidence of 1.44 per cent 
of oral involvement and states that other investigators have noted a 
similar incidence. In the last ten-year period, with 3,835 admissions to 
the tuberculosis serivice of the Buffalo City Hospital, five cases of in- 
volvement of the gums and cheeks have been found. This is an inci- 
dence of 0.26 per cent. 

It is our purpose to report these five cases in detail because we have 
been unable to find a case series of tuberculosis of this particular area. 
Case series of tuberculosis of the tongue have been reported by Delevan 
(2), Finney (3), Handfield-Jones (4), and others. Rubin (1) in a dis- 
cussion of tuberculosis as it occurs in various parts of the mouth states 
that involvement of this area usually occurs with multiple ulcerations in 
the mouth. When each of these cases was first examined, the oral 
lesions were confined to a single area and no concomitant lesions were 
noted. In one instance an extensive mouth lesion developed and in 
another two small secondary lesions, which healed in a few weeks, were 
observed. The type of lesion seen has been unusual because, with 
the exception of one case, the lesions have been deep seated rather than 
the more frequent superficial ulceration of oral tuberculosis. Three 
cases gave rise to a destruction of the antral floor and the development 
of a sinus into the antrum, which remained patent. Another case which 
showed an extensive indurated ulceration resembling malignancy was 
successfully treated. The oral lesion healed and an apparent arrest of 
the pulmonary tuberculosis occurred. These last two patients were of 
interest because their sputa were repeatedly negative. The repeatedly 
negative sputa did not rule out the possibility that at some time it did 
contain bacilli. The evidence in favor of this being a blood-borne 
infection rather than a direct inoculation is presented. 


1 From the School of Medicine and the School of Dentistry, University of Buffalo, and the 
Department of Medicine and the Department of Dentistry, Buffalo City Hospital, Buffalo, 
New York. 
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CASE REPORTS 


Case 1: C. F., file number 13169, age 21, was admitted on November 16, 1931. 
He was known to have tuberculosis since February, 1928. Upon admission 
he was confined to bed. Dyspnoea, a persistent cough and night sweats had 
been noticed since September, 1931. Examination revealed a chronic pul- 
monary tuberculosis, stage three, with bilateral infiltration throughout, as well - 
as cavities in both apices. Sputa were repeatedly positive. For eight weeks 
some pain had been noted at the time of brushing the teeth but the patient 
denied bleeding, excessive salivation or discomfort, either with the mastica- 
tion of food or while at rest. 

An undermined ulcer was apparent in the left upper mucobuccal fold in the 
biscupid area. It was not indurated but was surrounded by a narrow zone of 
inflammation. Upon pressure, tenderness was elicited and a little purulent 
exudate was expressed. The lesion enlarged, and involved the area from the 
first bicuspid tooth back to the second molar region. The base of the ulcer 
appeared to be penetrating deeply and was dirty-white. By the use of a probe, 
the sinus was found to extend directly into the maxillary antrum, the opening 
being approximately 0.5 cm. in diameter. No teeth in the neighborhood 
showed caries or fillings. A few of the other teeth were slightly carious. 
The larynx showed marked oedema and ulceration, involving particularly the 
epiglottis and aryepiglottic fold. This was painful and caused distress upon 
swallowing. The remainder of the oral cavity was healthy. Although the 
submaxillary lymph nodes were somewhat enlarged, no other adenopathy 
was detected. The tonsils were small and slightly injected. 

A biopsy showed typical tuberculous ulceration with giant and epithelioid 
cells and acid-fast bacilli. 

The patient was too ill for extensive treatment, and no local treatment was 
given. When he died on March 3, 1932, the lesion had shown no tendency to 
healing. Autopsy was refused. 


Case 2: J. G., file number 266827, age 24, was admitted March 28, 1932. 
His illness commenced in January, 1932, with a toothache in the upper right 
third molar area. Two teeth were extracted by a private dentist, following 
which the patient became seriously ill. A chest cold developed, with anorexia, 
weakness, a productive cough, and a 35 Ib. loss of weight in four weeks. 

Examination upon admission revealed a chronic pulmonary tuberculosis, 
stage three, with evidence of a small cavity in the left apex, and a broncho- 
pneumonic type of infiltration throughout the left lung, a small cavity being 
apparent in the right side. Sputa were repeatedly positive. 

The patient complained of soreness and difficulty upon mastication, dating 
from the time of extraction of the two teeth and localized to that area. Bleed- 
ing, excessive salivation and pain were denied. The upper jaw was edentulous, 
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the remaining teeth having been extracted in the interval prior to admission. 
The lower gums were receded and it was considered necessary to remove the 
remaining teeth. During the two weeks following admission extraction was 
performed with satisfactory healing. An ulcer was noted in the right molar 
area. This lesion was about 2.4 cm. in diameter, extending outward to the 
mucobuccal fold, and inward to the crest of the alveolar ridge. The edge was 
irregular, undermined and surrounded by inflammatory nodules. The base 
was covered with purulent exudate. No induration was present. 

Until death occurred, on December 5, 1933, the mouth lesion was under 
observation. It showed no improvement at first, and extended more deeply. 
On August 19, 1932, a probe was passed through a perforation into the antrum 
of Highmore. Just before this the lesion had enlarged, and a secondary lesion 
had appeared over the third molar area on the lower jaw on the same side. 
This latter lesion presented an appearance similar to its precursor, and was 
about 1 cm. in diameter. Somewhat later a third ulcer formed over the lower 
third molar area of the opposite side. 

Shortly after these lesions developed, a gradual improvement took place, 
and the secondary lesions healed. The original mouth lesion showed marked 
improvement with disappearance of active granulation tissue around the 
periphery. Although the opening into the antrum remained patent, the 
wall of the sinus appeared to be lined with healthy tissue. All symptoms refer- 
able to the mouth lesions disappeared. 

In addition to the dental treatment outlined, the patient received galvano- 
cautery to the unhealthy granulation tissue and ultraviolet radiation through 
a quartz applicator attached to a mercury-vapor-arc in a quartz lamp. 

About seven months after admission, at the time the mouth lesion was 
showing its most rapid improvement, signs and symptoms of laryngeal in- 
volvement were noticed. Infiltration with ulceration developed and became 
extensive. There was destruction of the upper half of the epiglottis, with 
extension down into both true and false vocal cords. While the patient’s 
general condition had previously shown improvement he became much weaker 
with the development of the laryngeal complication, and the lesion in the right 
lung showed definite signs of éxtension. In spite of all this, the oral lesion 
remained healthy. 

A biopsy, taken on April 13, 1932, showed typical tuberculous granulation 
tissue, with characteristic tubercle formation, including giant cells. Acid- 
fast bacilli were found throughout the section. 

Autopsy revealed that the right half of the hard palate was completely 
destroyed. Leading into the antrum was a large opening, the walls of which 
showed some unhealthy granulation tissue. Laryngeal findings were as de- 
scribed above. The pulmonary lesions consisted of multiple cavitations in 
both apices with widespread scattered areas of bronchopneumonia. Tu- 
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berculous ulceration involving the terminal ileum and the first part of the 
caecum was evident. 


Case 3: J. D., file number 1095, age 51, admitted February 26, 1929, was 
a known case of tuberculosis since 1924. Six weeks before admittance, 
the patient developed a harsh productive cough, with associated loss of weight . 
and night sweats. Examination revealed evidence of pulmonary tuberculosis, 
stage three, including coarse infiltration of both apices and cavitation of the 
left apex. In spite of considerable fibrosis, there were definite signs of activity 
in the left apex. The sputa were repeatedly positive, showing many bacilli 
on several smears. 

Extensive dental caries, retained roots and gingivitis comprised the mouth 
findings; no tuberculous lesion was demonstrated at this time. 

The patient was apparently improving, until October 24, 1931, when symp- 
toms of tuberculous laryngitis developed. Increased weakness and activity 
of the chest lesion followed. Extraction of remaining teeth was completed 
by February 27, 1933, and healing occurred normally. 

On April 27, 1933, the patient complained of soreness in his mouth. At the 
junction of the gum and the cheek in the region of the right maxillary molars, 
an ulcer with irregular and slightly undermined edges and a grayish-white 
base was found. Its diameter was 1 cm.; and surrounding the ulcer was a 
narrow, inflamed and elevated border. It seemed to be extending deeply, 
and tenderness was elicited, although pain and hypersalivation were denied. 
Gradually enlarging, the ulcer finally perforated the hard palate on July 15, 
1933. This perforation, about 1 cm. in diameter, remained open, and assumed 
a more healthy appearance in response to treatment with galvanocautery, 
ultraviolet radiation, and a regimen of rigid oral hygiene. 

In spite of the improvement of the oral lesion, both the chest and laryngeal 
conditions became more extensive until on December 23, 1933, death occurred. 
Biopsy had been refused; consent for autopsy was not granted. 


Case 4: F. S., file number 15639, age 54, admitted August 26, 1930, gave a 
history of having had pulmonary disease at age of 16 years, and was a known 
case of tuberculosis in 1920. The history was that of severe cough, night 
sweats, and loss of weight during three months interval prior to admission. He 
appeared fairly well nourished and not acutely ill. Clinical and X-ray evi- 
dence of chronic pulmonary tuberculosis, stage three, with infiltration of both 
apices and cavitation of left apex, was demonstrated. The remainder of the 
chest showed fibrosis. Sputa were consistently negative. 

He complained of soreness of the gums, with discomfort during mastication, 
although no pain or excessive salivation were noted. An area of granulation 
tissue, similar to that seen over a retained root, was found in the right upper 
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molar area. An X-ray film showed an area of alveolar absorption. No recent 
extractions had been done and the few remaining teeth, while not carious, 
showed septic gingivitis. When first seen the lesion was about 1 cm. in di- 
ameter, and was not a definite ulceration but appeared more like a granuloma. 
No secondary lesions were noted. Within a month the lesion was a clearly 
defined ulcer, and spread along the roof of the mouth. This ulcer was super- 
ficial with a grayish-white base, the edges appearing granular with many small 
elevations. These developed into typical tubercles, became necrotic and 
formed fresh ulcers. There was tenderness but no tendency to bleeding. The 
palate appeared, at first, to be spotted, and later, to be covered with unhealthy 
granulation tissue. The ulceration extended forward and outward over the 
buccal surface of the cheek, to involve the upper lip. A narrow zone of in- 
flammation surrounded the ulceration. No induration was noted. 

In spite of treatment with galvanocautery, radiation and dental care, the 
lesion progressed and became increasingly painful and troublesome. Seda- 
tives were required and the diet was restricted to liquids. 

The pulmonary lesion showed extension and definite evidence of activity, 
and, in addition, tuberculosis of the seminal vesicles and epididymis developed. 
He died on December 22, 1930. 

Although this was the typical picture of tuberculosis, the biopsy was not 
definitely diagnostic. Circumscribed collections of cells, chiefly lymphocytes, 
were seen with considerable degeneration. The appearance was that of in- 


flammatory granulation tissue. In spite of the concentric formation suggest- 
ing tubercle formation no acid-fast bacilli were found. 

Autopsy verified the diagnosis of tuberculosis of lungs, prostate, seminal 
vesicles, epididymis, and mouth. The larynx was clear. 


Case 5: F. G., file number 112905, age 51, was admitted November 4, 1935. 
The patient stated that he had lost twelve pounds in six months, but admitted 
no symptoms referable to the chest. He had worked in a foundry for 22 years, 
was undernourished and his muscle tone was only fair for a laborer. While 
clinical evidence of pulmonary fibrosis was apparent, the presence of an active 
pulmonary tuberculosis could not be demonstrated either at the time of ad- 
mission or upon subsequent examination. Roentgenographic study of the 
chest showed a late second stage pulmonary fibrosis with a tendency to con- 
glomeration in some areas (figure 1). In both apices were shadows suggestive 
of cavitation. Sputa were consistently negative. 

The reason for seeking medical care was a swelling and stiffness of the left 
cheek, first noticed six months before and becoming progressively worse. 
Eating was difficult and the patient was forced to masticate on the right side 
although neither pain nor increased salivation were noted. 

The left cheek appeared swollen and the left half of the upper lip was en- 
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larged to twice the size of the opposite side. The entire swollen area was 
dusky red. There was an area of necrosis on the vermilion border of the 
upper lip. Although it was impossible to open the mouth for a satisfactory 
examination of the buccal surface, an extensive lesion could be visualized 
involving the area from the upper lip backward and downward and covering 
the whole buccal surface from the alveolar ridge above to the mandible below. 
It extended backward to the first molar tooth. The lesion was hard and 
indurated, with a centrally situated ulcer about 2.5 cm. in diameter. The 


Fic. 1. Case 5. Extensive pulmonary fibrosis of occupational type with conglomeration 
in apices particularly evident on the right side. 


territory surrounding the ulcer was inflamed, and in some areas there appeared 
a cauliflower-like proliferation. The ulcer was dark red in color, with a gray- 
ish exudate over the base. Fissuring was evident throughout. Tenderness 
was not elicited and the ulcer did not bleed easily. There was some enlarge- 
ment of the submaxillary nodes on the involved side, but these were little 
larger than those of the opposite side. No other adenopathy was detected. 
The teeth were carious, with many retained roots. The remaining teeth, 
particularly those on the left, were abraded and had many sharp, knife-like 
edges. There was evidence of recent laceration of the left cheek. Because of 
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lack of several molars, the right side did not provide a good chewing surface. 
Many retained roots were abscessed and the gums were unhealthy, showing 
proliferation over the edges of the retained roots. 

A provisional diagnosis of malignancy was made. Factors considered as 
modifying the picture included secondary inflammation from trauma and the 
oral infection. 

A biopsy was taken and showed typical giant cells and in the area sur- 
rounding these, acid-fast bacilli in moderate numbers. There was distinct 
caseation and no evidence of malignancy. A diagnosis of tuberculosis was 
made. 

The man was hospitalized and except for similar findings on a repeat X-ray 
taken December 10, 1935, no clinical evidence of tuberculosis was found. The 
sputa were consistently negative. Complete dental extraction was done, 
with subsequent satisfactory healing. Good oral hygiene and light therapy 
were instituted. The lesion showed prompt improvement. As the acute 
inflammation subsided, the characteristic appearance of the tubercles sur- 
rounding the ulceration became more evident. On June 10, 1936 there was no 
evidence of ulceration and a hard firm scar, covered with epithelium, remained. 
The man gained 22 lbs. in weight and his general condition was satisfactory. 
He has continued under observation, with no recurrence of the mouth lesion 
and no evidence of pulmonary activity. 


DISCUSSION 


All five cases occurred in the male sex; this is consistent with the 
experience of other observers. Handfield-Jones (4) quotes case series 
showing the ratios of male to female varying from three to two, to 
twenty-three to one. This is of interest because it is well known that 
chronic ulcerative mouth lesions resembling tuberculosis occur more 
frequently in the male sex. 

Consideration of the earlier dental hygiene of this group would seem 
to be of particular importance. The study of reported cases indicates 
that the relationship between inadequate dental hygiene and tubercu- 
losis of the mouth has received little attention. It would appear that 
observers have attached little importance to poor dental hygiene as a 
predisposing or exciting cause for the development of this complication 
of pulmonary tuberculosis. 

Moorehead and Dewey (5), discussing the mechanisms of defense of 
the mouth against invasion, stress the natural protection of the highly 
vascular mucous membrane, the antibactericidal action of the secretions 
and the possible action of the saprophytes. Theoretically, poor hygiene 
would interfere with the health of the membrane and reduce the effec- 
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tiveness of its defenses. An unhealthy condition of the oral mucous 
membrane and its gingival tissue is common in patients with tubercu- 
losis. Experience, in our routine examination of patients admitted with 
tuberculosis, has shown a high incidence of gingival congestion and 
septic gingivitis. Similarly, Cipes (9) has noted the prevalence of poor 
oral hygiene in this type of patient. Factors which contribute to this - 
are the debilitating disease, inability to properly carry out prophylactic 
measures and poor morale from a loss of interest. 

In view of the frequency of an unhealthy mouth condition in patients 
with positive sputa, it is remarkable that oral tuberculosis does not 
occur more frequently. Rubin (1), in discussing this, further advances 
the possibility that when oral tuberculosis does occur, the circulatory 
route of invasion may be more frequent than direct inoculation. In 
two of our five cases, as previously stated, the sputa remained per- 
sistently negative though over thirty separate examinations were made 
in each case. They can be considered as presenting evidence in favor of 
blood-borne infection. It is realized that the sputa could have been 
positive prior to observation since an associated pulmonary tuberculosis 
was present. 

Repeated trauma from the sharp knife-like edges of abraded and 
carious teeth was an important factor in the production of the lesion in 
case 5. The rapid improvement following dental extraction was evi- 
dence of this. It was obvious that the cheek had received repeated 
lacerations during mastication and on first thought it would appear that 
this was a case of direct implantation. The fact remains that a positive 
sputum was never obtained during an observation period of over a year. 

The deep seated ulceration with destruction of bone noted in cases 1, 
2 and 3 might be more readily explained by a blood-borne infection than 
by direct implantation. These three cases presented lesions which were 
clinically similar. They were characterized by a deep ulceration and 
necrosis of the bone. This resulted in a perforation through the floor 
of the antrum and development of a sinus which remained patent. The 
possibility of a tuberculoma or cold abscess from blood-borne infection 
is to be considered. 

Another possibility to be considered is the extension of infection along 
the root canal of a carious tooth with a resultant tuberculous abscess in 
a situation similar to the common apical abscess. This possibility has 
been discussed by Moorehead and Dewey (5). It is probable that this 
portal of entry would result in the deep seated lesions noticed in the 
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first three cases. The absence of caries in the neighborhood of the lesion 
in case 1 indicates that this type of implantation, in this case, was not 
present. If extension through the root canal were important it would 
seem that children would be susceptible to deep seated bone lesions be- 
cause the tooth is not completely formed and the root end is relatively 
patent. Nontuberculous abscesses are common and a tuberculous one 
should occasionally be reported. Such a lesion has never been recorded 
in the ward for tuberculous children at the Buffalo City Hospital. 

The possible connection between dental extraction and tuberculosis 
requires consideration. It is common practice to perform the neces- 
sary extractions on patients with positive sputa. We have followed this 
practice and have seen no case in which there was an obvious relation- 
ship. Finney (3) and Rubin (1) state that such cases occur occasionally. 
In case 2 we have a history of an extraction three months before ad- 
mission to the hospital. Pain had persisted and the patient stated that 
the lesion had never completely healed. It is possible that the tuber- 
culous infection was present prior to the extraction. The patient be- 
came seriously ill following the extraction and had the mouth lesion at 
the time of admission. The extraction was done and early care given 
elsewhere, and definite information concerning the sequence of events 
was not obtainable. Apparently there was rapid extension of the pul- 
monary lesion following extraction. It was impossible to determine the 
anaesthetic used but it seems probable it was of the inhalation type. It 
is of interest that subsequent extraction of lower teeth was performed 
without delay in healing or apparent aggravation of the lung lesion. 
Local or block anaesthesia has been routinely used and it is the writers’ 
impression that it is a safer anaesthetic for a patient with pulmonary 
tuberculosis in spite of the theoretical risk of direct implantation. The 
relationship between dental extraction and an extension of the pul- 
monary lesion appears to have been a close one in this patient (case 2). 
A similar relationship between tonsillectomy and an extension of the 
pulmonary lesion is better known. The type of anaesthesia used may 
be a determining factor in both instances. 

If the deep seated lesions observed in cases 1, 2 and 3 were the result 
of implantation the area involved may be a factor in the development 
of this type of lesion. There is a definite tendency to retention of food 
particles in the postmalar pocket and there would be a similar retention 
of exudate in any lesion occurring here. This retention together with 
the trauma which occurs with chewing might lower the local resistance 
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and cause an extension to the deeper tissues. This area is closed off 
by muscle action when the mouth is open and adequate hygiene is al- 
ways difficult. 

Another possibility for the origin of these three lesions with extension 
into the antra would be within the nose. The course of the lesions 
seems to make this unlikely. There was no clinical evidence of nasal 
involvement in any of the five cases. 

All patients had some discomfort particularly on taking seasoned food. 
Tenderness with chewing was noted at some stage in each instance. 
Case 5 complained of stiffness and inability to chew on the affected 
side. This was the result of induration rather than pain. In four cases 
no change to a soft or liquid diet was necessary because of discomfort 
with mastication. In case 4 the lesion spread rapidly and this patient 
required a soft or liquid diet after the lesion had extended beyond the 
gum and cheek. It would appear that pain is not a prominent symptom 
in tuberculosis of this area. Delevan (2) and Finney (3) conclude that 
pain may be present in the late stages, but that it is not an important 
early symptom. It would seem that pain is not more severe in tuber- 
culosis than in carcinoma and that its value has been overstressed as a 
symptom in distinguishing between the two types of lesions. In no case 
was bleeding or excessive salivation noted. They are apparently more 
prominent symptoms when the ulceration involves the tongue. 

Three distinct types of ulcerations were observed in the five cases. 
The first three cases presented a very similar appearance. They all 
occurred in the upper mucobuccal fold in the bicuspid and molar area. 
In one case two small secondary lesions with a similar appearance 
occurred on the gums of the lower jaw. The lesions of cases 1 and 2 
remained single. These lesions were deep seated ulcerations which 
involved the bone, producing necrosis with perforation into the antra. 
In cases 2 and 3 this opening remained patent in spite of a tendency 
to healing with a healthy granulation tissue. Despite the depth of 
these ulcers and the very unhealthy appearing bases, there was little 
evidence of surrounding inflammation or induration. 

These ulcers didnot resemble the usual superficial ulcer of oral tuber- 
culosis. ‘The explanation for their occurrence in the region of the post- 
molar pocket may be in the relative immobility of this part of the 
mouth. Moorehead and Dewey (5), Rubin (1), Finney (3) and Hand- 
field-Jones (4) discuss the importance of the mobility of the structures 
of the mouth as a factor in increasing the resistance to infection. This 
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mucobuccal area has not been described as a common site of oral tuber- 
culosis. We have found no similar lesions in this area in other case 
series. In two of the first three cases a diagnostic biopsy was obtained 
and in the third case there was definite evidence of a pulmonary and 
laryngeal tuberculosis. There can be no doubt of the tuberculous aeti- 
ology of these cases. Finney (3) has reported a similar type of lesion 
which occurred in the lower jaw following dental extraction. This case 
was reported as case 14 of his series. These cases are of particular 
interest because it is a common impression that tuberculous ulceration is 
superficial and that this point is very useful in differential diagnosis. 

Case 4 was a characteristic example of the superficial type of ulcera- 
tion which is commonly described as being typical of oral tuberculosis. 
The condition spread widely by the formation of multiple new lesions 
around the periphery. This type of ulceration has been well described 
by Finney (3), Handfield-Jones (4) and others (1, 2, 8, 10). 

Case 5 showed a third type of lesion which has previously been de- 
scribed, with detailed case reports by Wessely (6), Jeanselme, Lefévre 
and Willemin (7). The lesion had the appearance of an advanced 
carcinoma of the cheek with a considerable amount of superimposed in- 
flammation. The history and clinical examination of the chest showed 
some evidence of fibrosis but there was no reason to suspect a superim- 
posed tuberculosis. The clinical impression concurred in by several 
examiners was that of a carcinoma of the buccal area aggravated by 
traumatism from the abraded teeth. The location on the buccal 
surface of the cheek is a common site for malignancy and the degree of 
induration was as great as seen in many carcinomata of this area. The 
neglected mouth and the age of the patient was in favor of this possi- 
bility. The absence of lymph node involvement was noted but was not 
considered of sufficient importance to modify the diagnosis. Biopsy 
revealed typical tubercle formation and acid-fast bacilli. The subse- 
quent X-ray film showed some evidence of a pulmonary tuberculosis 
superimposed on an occupational pulmonary fibrosis. (See figure 1.) 

In all five cases definite evidence of pulmonary tuberculosis was found 
and in four this was an advanced lesion. Without X-ray examination 
case 5 might have been suspected of being primary oral tuberculosis. 
It is of interest that this patient was one of the two with a persistently 
negative sputum. 

An associated laryngeal tuberculosis occurred in the first three cases. 
There was no evidence of involvement of the tongue, tonsils or pharynx 
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in any of the five cases. There was no evidence of syphilis or leuco- 
plakia. Lymph node involvement was not an important feature. 

The histological picture of oral tuberculosis requires no elaboration. 
Our biopsies were definitely positive in cases 1,2 and '5 with the finding 
of the typical histological picture and acid-fast bacilli. In case 4 the 
histological picture was suggestive but not definitely diagnostic. In’ 
case 3 biopsy was refused. In case 5 a biopsy report was the first clue 
as to the nature of the lesion. The difficulty in differentiating oral 
carcinoma and tuberculosis has been discussed by Feuerstein (8) who 
brings out the points usually considered in differential diagnosis. A 
study of the cases reported in the literature shows that many cases of 
oral tuberculosis have been diagnosed and treated as carcinoma prior 
to establishment of the correct diagnosis by the study of excised tissue. 
Feuerstein (8) has discussed the difficulty which arises when the pul- 
monary lesion is relatively silent as it was in case 5. 

The five cases reported indicate that three distinct types of ulceration 
can occur in oral tuberculosis. A careful clinical and X-ray study of 
the chest and a study of the larynx is necessary to arrive at a correct 
diagnosis. The sputa may be negative and the clinical appearance of 
the ulceration is variable and not sufficiently characteristic to establish 
the diagnosis. A biopsy is always indicated and a search for the typ- 
ical histological picture and acid-fast bacilli should be made. 

General supportive measures and adequate treatment for the asso- 
ciated tuberculous lesions were used. Galvanocautery was helpful in 
destroying tuberculous granulation tissue. Indicated dental extraction 
and treatment were carried out in three cases with no untoward results. 
Light therapy including the use of local radiant heat and light and ultra- 
violet radiation was given and seemed to have a beneficial effect. It 
was particularly helpful in the indurated type of ulceration. 

It is our impression that tuberculosis of this part of the oral cavity 
is a less serious complication of pulmonary tuberculosis than laryngeal 
involvement. It gives the patient less distress and gives less interfer- 
ence with nutrition. In cases 2 and 3 the lesions became quiescent in 
spite of advanced pulmonary lesion. In case 5 an apparent complete 
healing of the lesion occurred. In no case did the mouth lesion seriously 
alter the final outcome of the case. 


SUMMARY 


1. Five cases of tuberculosis of the gums and cheeks are reported. 
All were complications of an associated pulmonary lesion. 
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2. Three cases show a deep seated ulceration involving the maxillary 
process and extending into the antrum. One case presented an extensive 
indurated lesion resembling a carcinoma. The other case was of the 
superficial type of ulceration usually noted in oral tuberculosis. 

3. The mode of origin of these mouth lesions is discussed. The sig- 
nificance of the repeatedly negative sputum in two of the cases in con- 
nection with the blood-borne inoculation theory is noted. 

4. The importance of associated dental lesions in the development of 
oral tuberculosis is discussed. It is suggested that more consideration 
be given the problem. 

5. The infrequency of pain is noted. 

6. Three of the cases occurred in the mucobuccal fold. The impor- 
tance of the area and the unusual type of ulceration are pointed out. 

7. Tuberculosis of the gums and cheeks is a less serious complication 
of pulmonary tuberculosis than laryngeal involvement. 
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THROMBOSIS OF PULMONARY ARTERY! 
A Clinicopathological Study of Six Cases 


JAIME F. POU anp ROBERT CHARR 


Antemortem thrombosis of the trunk or the main branches of the 
pulmonary artery is an unusual occurrence. According to Kampmeier 
(1) only 26 cases were reported up to 1934. Billings (2) saw 16 cases in 
6,200 autopsies and Lubarsch (3) found 16 in 1,932 autopsies. Moeller 
(4) reported 51 cases of pulmonary artery occlusion. In most of them 
the occlusion was embolic and not thrombotic in origin and it occurred 
in small intrapulmonary arteries. From May, 1934 to May, 1937, 
105 cases of pulmonary tuberculosis and 45 cases of anthracosilicosis 
came to necropsy at the White Haven Sanatorium. Among these were 
6 cases of antemortem thrombosis of the pulmonary artery. The es- 
sential findings in these cases were as follows: 


Case 1: No. 8426, male, aged 58 years, anthracite coal miner for 24 years, was 
admitted to the service of Dr. Martin J. Sokoloff on March 29, 1930. Chief 
complaint was dyspnoea for the last six months. 

Physical examination: The chest was rounded. There was dulness over 
the upper lobe of each lung with bronchial breath-sounds. Scattered rales 
were heard over the bases. The heart sounds were distant. 

His sputum contained tubercle bacilli. 

On X-ray examination (figure 1) the upper half of each lung showed fibrotic 
consolidation with cavitation in the right upper lobe. The heart shadow was 
widened. 

He was discharged after a year in fair health and was readmitted December 
21, 1933, complaining of severe dyspnoea, cough and loss of weight. Physical 
findings were the same as on the previous admission. The sputum showed 
tubercle bacilli. Temperature and pulse were normal. Bed-rest relieved 
dyspnoea and cough. In July, 1934, dyspnoea returned with slight cyanosis 
and oedema of ankles. On August 15, 1934 these symptoms became worse, 
accompanied by pain in the epigastrium. Anasarca soon followed with 
severe dyspnoea and cyanosis. The cervical veins were engorged and pulsa- 
ting. The heart sounds were distant and irregular with extrasystoles. Vene- 


1From the Pathological Laboratory of the White Haven Sanatorium, White Haven, 
Pennsylvania. 
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Fic. 1. Case 1. Fibrotic consolidation of upper half of each lung with cavity in right 
upper lobe. Widened heart shadow. 

Fic. 2. Case 1. Arrows indicate the thrombus in the left pulmonary artery. The 
thrombus in the right pulmonary artery removed for study. Extensive anthracosilicosis. 
A tuberculous cavity in the right upper lobe. 

Fic. 3. Case 2. Fibrosis of left lung with cavity in the upper lobe. Fibrosis of the right 
upper lobe with cavitation. Heart displaced toward the left. 

Fic. 4. Case 2. Postmortem arteriogram of lungs. Note fibrosis of the left lung with 
marked vascular changes. Arrows indicate the thrombus in the left pulmonary artery. 

Fic. 5. Case 3. Cavitation of the right lung with elevation of the diaphragm on that side. 
Emphysema of the left lung. 

Fic. 6. Case 3. Cross section of wall of pulmonary artery showing: (A) fibrous strands 
invading the thrombus; (B) thickened intima; (C) media. X 100. Weigert’s stain. 
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section was attempted but only 35 cc. of thick, dark blood could be obtained. 
The patient became very restless and apprehensive and died a few hours later. 

Necropsy: The face was very cyanotic. The jugular veins were distended. 
The extremities were oedematous. The abdomen was distended with fluid 
and gas. The pericardial sac contained 250 cc. of straw colored fluid. The 
right auricle and ventricle were distended with blood; the myocardium was | 
flabby. The trunk of the pulmonary artery was occluded by a pale, friable 
thrombus. It was firmly adherent to the intima and extended into the main 
branches of the pulmonary artery (figure 2). Both lungs showed extreme 
fibrosis due to anthracosilicosis with a cavity in the right upper lobe. The 
small arteries in the fibrotic areas were thrombosed. Two litres of clear fluid 
were found in the peritoneal cavity. 

Microscopical findings: The pulmonary artery showed thickening of the 
intima with connective tissue proliferation and areas of fatty degeneration. 
The internal elastic lamina was reduplicated and fragmented. The thrombus 
was attached to the intima by platelets and fibrin. Extending into the throm- 
bus were long strands of fibrous tissue. The smaller arteries showed marked 
sclerosis. The arteries near the cavity showed endarteritis obliterans. There 
were innumerable anthracosilicotic nodules and diffuse fibrosis. 


Case 2: No. 7604, female, aged 62 years, was admitted to the service of Dr. 
Isadore Kaufman on March 2, 1937. Chief complaints were dyspnoea, pain 


in chest, cough, expectoration and loss of weight. 

Physical examination: Lips and finger tips were cyanotic and ankles oedem- 
atous. The chest was rounded and the expansion was limited on the left. 
There were dulness and distant breath-sounds over the left lung. Scattered 
rales were heard over the bases. The apex beat was in the anterior axillary 
line; the heart sounds were regular but feeble. Blood-pressure was 90/70. 
The temperature varied between 97° and 99°F., the pulse rate between 99 and 
118 and the respiratory rate between 24 and 38 per minute. 

Sputum examination revealed tubercle bacilli. 

On X-ray examination (figure 3) the left lung showed dense consolidation 
with cavitation. The right upper lobe was fibrotic and cavitated. The heart 
was displaced to the left. 

On March 7, 1937 dyspnoea became worse, cyanosis of face deepened, the 
lips became purple, the cervical vessels were distended and pulsating. The 
patient was very restless and tossed abou. in bed complaining of boring sub- 
sternal pain. At times she was disoriented. Her eyes were prominent. She 
died March 11, 1937. 

Necropsy: Face, finger tips and toes were extremely cyanotic; the ankles 
were oedematous. The left ventricle was hypertrophied, the right ventricle 
and auricle were distended with blood. The myocardium was dark red and 
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fairly firm. The coronary vessels were thickened but patent. A thrombus 
was found in the left pulmonary artery a short distance above the bifurcation. 
It was firmly adherent to the intima, and completely occluded the left pul- 
monary artery (figure 4). The left lung was a mass of fibrosis from apex to 
base. There was a cavity in the upper lobe. The pulmonary tissue distal to 
the vascular occlusion was anaemic. All vessels were thickened. The right 
upper lobe was fibrotic and contained five small thick-walled cavities. 
Microscopical findings: The pulmonary artery showed marked thickening 
of the intima by connective tissue. There were areas of fatty degeneration 
in the thickened intima. The internal elastic lamina showed a beady appear- 
ance due to localized areas of proliferation of elastic fibres. There was re- 
duplication and fraying of the internal elastic lamina. The thrombus was 
attached to the vessel by fibrin and platelets. Extending into the thrombus 
were strands of fibrous tissue. The smaller arteries in both lungs showed 
marked sclerosis (figure 12) and some showed complete obliteration of the 
lumen. The right lung showed dilatation of the alveolar capillaries. All the 
vessels were engorged with blood. The coronary arteries were sclerotic with- 
out occlusion. 


Case 3: No. 6020, female, aged 32 years, was admitted to the service of Dr. 
Charles Heiken on September 11, 1931. Chief complaints were cough, ex- 
pectoration and loss of weight and strength. 

Physical examination: There was dulness with roughened breath-sounds 
over the right upper lobe. A few rales were heard over the right apex. The 
heart was normal. The temperature was 99°F., pulse rate varied from 88 to 
100, and the respiratory rate from 20 to 22 per minute. 

Sputum examination showed tubercle bacilli. 

On X-ray examination the right upper lobe was densely infiltrated with a 
cavity in the apex. The heart was normal. 

Artificial pneumothorax was attempted on the right without success due to 
adhesions. In November, 1933 a phrenicoexairesis was done on the same side. 
The diaphragm became satisfactorily elevated but the cavity remained open 
(figure 5). On March 1, 1937 the patient complained of sharp pain in the 
right chest below the clavicle; her cough increased with difficult expectoration 
and her chest pain persisted. Soon dyspnoea setin. Slight cyanosis appeared 
on the lips. The patient became apprehensive. On March 21, 1937 dyspnoea 
became severe and cyanosis deepened. She tossed about in bed complaining 
of dyspnoea, pain in the chest and failing vision. At this time she developed 
definite exophthalmos and mental confusion. On the following day swelling 
of the face and ankles appeared. On March 27, 1937 dyspnoea, cyanosis and 
oedema increased and the patient thrashed about in bed. She died the same 
day. 
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Necropsy: The lips and the tip of the nose were deeply cyanosed, the eyes 
were prominent. The left ventricle was hypertrophied, the right auricle 
and ventricle were distended with blood. The myocardium was flabby. 
The coronary vessels were normal. The right pulmonary artery was com- 
pletely occluded by a friable thrombus which was firmly adherent to the intima 
of the vessel. The right lung was almost entirely hollowed out by a large 
cavity. The remnants of the pulmonary tissue about the cavity showed ~ 
marked anaemia. ‘The right pulmonary artery ended in a blind pouch at the 
cavity wall. The left lung was emphysematous; its lower lobe was congested. 

Microscopical findings: The pulmonary artery showed marked thickening of 
the intima (figure 6). The internal elastic lamina showed reduplication and 
fragmentation. The thrombus was adherent to the thickened intima. Ex- 
tending into the thrombus was newly formed fibrous tissue, originating from 
the intima. Smaller arteries throughout the right lung showed tremendous 
thickening of the adventitia, many of them showed thickened intima and some 
complete obliteration of their lumina. All vessels in the left lung were en- 
gorged with blood. The myocardium showed fatty infiltration. 


Case 4: No. 9790, male, aged 47 years, anthracite coal miner for 21 years, was 
admitted to the service of Dr. Frank A. Craig on January 26, 1932. Chief 
complaints were cough, expectoration and dyspnoea on exertion for a year. 

Physical examination: The chest was rounded. There was resonance on 
both sides with loud breath-sounds. The heart was normal. 

Sputum examination: No tubercle bacilli were demonstrated. 

On X-ray examination nodular shadows suggesting anthracosilicosis of 
moderate degree were present in both lungs. 


Fic. 7. Case 4. Fibrotic consolidation of the lower half of the right lung with cavitation. 
Dense infiltration in the middle third of the left lung. 

Fic. 8. Case 4. Postmortem arteriogram of lungs. Note narrowing of vessels in hazy 
areas of fibrosis. Arrows indicate thrombus in the right pulmonary artery. 

Fic. 9. Case 5. Fibrosis of the right lung with cavity in the upper lobe. Patches of 
fibrosis in left lung. Widened heart shadow. 

Fic. 10. Case 5. Postmortem arteriogram of lungs. Note narrowing of vessels in right 
lung. Arrows indicate location of thrombus in the right pulmonary artery. 

Fic. 11. Case 5. Arrows indicate thrombus in the right pulmonary artery. Extensive 
anthracosilicosis in both lungs. A tuberculous cavity in the right upper lobe. 

Fic. 12. Case 2. Sclerotic intrapulmonary arteriole. Similar arterioles seen in all other 
cases. XX 100. Weigert’s stain. 

Fic. 13. Case 6. Fibrotic consolidation of the upper half of each lung. Cavitation in 
the right apex. Emphysema of the lower lobes. Cardiac shadow slightly widened. 

Fic. 14. Case 6. Postmortem arteriogram of lungs. Arrows indicate location of throm- 
bus in right pulmonary artery. Note narrowing of vessels in the fibrotic upper lobe of each 
lung. Arteries in the right lower lobe are occluded as evidenced by failure of radiopaque 
substance to enter them. 
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Temperature, pulse and respiratory rates were normal. A month later the 
patient left the Sanatorium. 

On October 24, 1933 patient returned complaining of severe dyspnoea, 
cough, expectoration and loss of weight. Physical, laboratory and X-ray 
findings were the same as on the previous admission. In two months he 
left the Sanatorium in improved condition. 

On November 18, 1936 he returned again with severe dyspnoea, cough, 
expectoration and loss of weight. Physical examination: There was dulness 
over the right chest with bronchial breath-sounds. The percussion note 
over the left lung was impaired and the breath-sounds were louder than 
normal. Scattered rales were heard over the bases. Blood-pressure was 
114/78. X-ray examination (figure 7) showed consolidation of the lower half 
of the right lung and dense infiltration in the middle third of the left lung. 
There was a cavity in the right lung at the level of the seventh rib posteriorly 
and another one on the left at the level of the eighth intercostal space. Spu- 
tum contained tubercle bacilli. Temperature and pulse were normal; res- 
piratory rate was 25 to 30 per minute. 

For three months the patient improved in every way. Around the middle 
of February, 1937, he again complained of dyspnoea; soon cyanosis appeared. 
Severe pain in the epigastrium set in; this extended upward to the substernal 
region. The heart sounds were distant. On March 31, 1937 he became very 
dyspnoeic and intensely cyanotic. He sat up in bed complaining of pain and 
dyspnoea. Restlessness and apprehension were evident. Blood-pressure at 
this time was 102/88. Pulmonary circulation time was prolonged. Gradu- 
ally the substernal pain became worse; dyspnoea and cyanosis became more 
marked. Slight oedema of the ankles appeared. Eight days after the onset 
of acute dyspnoea the patient died. 

Necropsy: The lips were deeply cyanosed; the ankles showed slight oedema. 
The pericardial sac contained 150 cc. of clear fluid. Both ventricles were 
hypertrophied; the right auricle and ventricle were dilated. The myocardium 
was dark red and fairly firm. The coronary vessels were thickened but 
patent. A thrombus in the right pulmonary artery (figure 8) almost com- 
pletely occluded the lumen. Detaching the thrombus revealed a roughened 
intima. The thrombus was firm and its cross section showed grayish streaks 
of fibrin and platelet deposits most dense at the site of its attachment to the 
intima. Lungs: The lower portion of the upper and middle lobes and the 
upper portion of the lower lobe of the right lung was a mass of anthracosilicotic 
consolidation. Within the centre of this mass was a tuberculous cavity. 
Throughout the remainder of the lung were numerous anthracosilicotic nod- 
ules intermingled with caseous tubercles. This lung appeared pale. The 
left lung was emphysematous. The posterior portion of the lower lobe was a 
mass of anthracosilicosis with a tuberculous cavity in its centre. Throughout 
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the remainder of the lung were anthracosilicotic nodules intermingled with 
caseous tubercles. The vessels in both lungs were thickened. 

Microscopical findings: The pulmonary artery, where the thrombus was 
attached, showed thickening of the intima by connective tissue. The internal 
elastic lamina underlying the thickened intima showed fragmentation. In 
several places it was frayed out into thin strands. The intima was infiltrated 
by numerous small wandering cells and showed areas of fatty degeneration. 
The thrombus was attached to the thickened intima. Cross sections of the 
thrombus showed the usual coral-like laminae of platelets with marginal 
leucocytes and intervening red blood cells and fibrin. Smaller arteries 
throughout the lungs showed marked sclerosis. The sclerosis was most marked 
in the vessels located within the silicotic masses and in those adjacent to tu- 
berculous cavities. Near the tuberculous cavities it was not uncommon to 
find the arteries completely obliterated. In some, the lumen of the vessels 
was reduced by thickeneing of the intima, in others by thrombosis. Prac- 
tically all the vessels in both lungs showed marked thickening of the adventitia. 
Throughout the sections were numerous anthracosilicotic nodules with diffuse 
fibrosis of the pulmonary parenchyma. Intermingled with the anthracosilic- 
otic nodules were caseous tubercles. 


Case 5: No. 9863, male, aged 58 years, anthracite coal miner for 30 years, 
was admitted to the service of Dr. Charles Heiken on April 14, 1937. Chief 
complaints were dyspnoea, cyanosis, cough and expectoration. He had been 
well until a year previous to admission when he noted dyspnoea on exertion 
with cough and expectoration. Gradually the symptoms became worse. 
Shortly before admission dyspnoea became so marked that he had to go to 
bed. Soon cyanosis appeared. 

Physical examination: The face was extremely cyanotic, the lips were dark 
purple. The eyes were prominent with congestion of the conjunctivae. The 
veins of the neck were full and slightly pulsating. The chest was rounded. 
Over the upper lobe there was dulness with bronchial breath-sounds. Crack- 
ling rales were heard at the bases. The apex beat was not palpable. The heart 
sounds were distant but regular and without murmurs. Blood-pressure was 
80/70. There was no ankleoedema. The temperature was normal, pulse rate 
was 80 to 90, and respiratory rate 25 to 35 per minute. 

The sputum contained tubercle bacilli. Blood count: Haemoglobin 106 
per cent; R.B.C. 5,400,000; W.B.C. 8,200. Polymorphonuclear leucocytes 
84 per cent, lymphocytes 16 per cent. 

On X-ray examination (figure 9) the right lung showed fibrotic consolidation 
with a cavity in the upper lobe. The left lung showed scattered fibrotic areas 
throughout. The cardiac shadow was widened. 

Following admission dyspnoea and cyanosis became worse. The patient 
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found it necessary to sit up in bed at all times. Although there was fulness 
of the cervical veins with some puffiness of the face, the ankles were not oedem- 
atous. Two weeks following admission, dull pain in the substernal region 
set in. Although there was no marked restlessness as in the other cases, the 
patient was apprehensive. On May 13, 1937 the patient died. 

Necropsy: The face and finger tips were extremely cyanotic. There was _ 
no ankle oedema. The right auricle and ventricle were distended with blood. 
Both right and left ventricles were hypertrophied. The right pulmonary 
artery supplying the right upper lobe was thrombosed in its entirety; its 
terminal portion stopped at the border of the tuberculous cavity in the right 
upper lobe. There was much fibrosis in the upper and middle lobes principally 
due to anthracosilicosis. Scattered throughout the left lung were anthracosili- 
cotic nodules with diffuse fibrosis of the lung. All blood vessels in both lungs 
appeared thickened. 

Microscopical findings: The thrombosed pulmonary artery showed thick- 
ened intima due to connective tissue. The internal elastic lamina showed 
fragmentation. The thrombus was adherent to the intima by fibrin and 
platelets. Young fibroblasts had invaded the thrombus near its attachment 
to the vessel. Many of the smaller arteries showed marked sclerosis. Inter- 
mingled with the anthracosilicotic nodules were tubercles having fibrous cap- 
sules. The vessels in left lung were engorged. The myocardium showed 
fatty infiltration. The coronary vessels were thickened. 


Case 6: No 9629, male, aged 60 years, anthracite coal miner for 35 years, 
was admitted to the service of Dr. Charles Aitken on October 14, 1933. Chief 
complaints were dyspnoea, moderate cough, expectoration and fatigue of eight- 
een months duration. 

Physical examination: The chest was emphysematous. Over the upper 
two-thirds of both lungs was dulness with bronchial breath-sounds. The 
bases were hyperresonant. Crepitant rales were heard over the apices. 

The sputum did not contain tubercle bacilli. 

On X-ray examination the upper two-thirds of each lung showed fibrotic 
consolidation. The heart shadow was normal. 

The patient was discharged, after five months, in an improved condition. 
On March 5, 1935 he returned with severe cyanosis, dyspnoea, cough and ex- 
pectoration and loss of weight. Physical signs were the same as on the previous 
admission. X-ray examination revealed increase in the width of the cardiac 
shadow and fibrotic consolidation of the upper half of each lung with cavitation 
in the right apex (figure 13). The sputum did not reveal any tubercle bacilli. 
Temperature and pulse were normal; respiratory rate was 25 to 30. The 
pulmonary circulation time was prolonged. On May 29, 1937 marked dys- 
pnoea appeared with pronounced cyanosis. The patient thrashed about in 
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bed. His vision became blurred. The lips were deeply cyanosed. He 
complained of substernal pain. Blood-pressure was 118/80. Haemoglobin 
107 per cent; R.B.C. 5,800,000; W.B.C. 15,200 with a predominance of poly- 
morphonuclear leucocytes. 

Four days after the onset of acute symptoms substernal pain shifted to the 
right axillary region. His vision improved. Cyanosis and dyspnoea were 
still severe. The cervical veins were full though not pulsating. The ankles 
were not oedematous. The liver was not palpable. On the following day 
the patient died. 

Necropsy: The lips and nose were cyanotic. There was no ankle oedema. 
The pericardial sac contained 50 cc. of clear fluid. Both ventricles were hy- 
pertrophied. The right auricle and ventricle were distended with blood. The 
myocardium was dark red and firm. Adherent to the posterior aspect of the 
right pulmonary artery was a pale friable thrombus, partly occluding the ves- 
sel lumen. Detaching the thrombus revealed a roughened intima. The 
terminal branches of the right pulmonary artery in the lower lobe showed 
emboli causing infarcts. The upper lobe of each lung showed much fibrosis 
due to anthracosilicosis. In the right apex were two cavities. Throughout 
both lungs were innumerable anthracosilicotic nodules. The right lower lobe 
showed infarcts. The vessels in the anthracosilicotic areas showed marked 
sclerosis (figure 14). 

Microscopical findings: The thrombosed pulmonary artery showed intimal 
thickening by connective tissue. The internal elastic lamina showed fraying. 
The thrombus was invaded by fibroblasts from the intima. The intima and 
media were infiltrated with small wandering cells. The adventitia was thick- 
ened. The small arteries, arterioles and capillaries, especially in the right lung, 
showed marked sclerosis. 


DISCUSSION 


The outstanding clinical features in these six cases of antemortem 
thrombosis of the pulmonary artery were rapidly increasing dyspnoea, 
cyanosis, engorgement of the cervical veins, pain in the chest or epi- 
gastrium, restlessness, mental confusion, exophthalmos, blurred vision, 
low pulse pressure with thin thready pulse and ankle oedema in the 
terminal stage of the disease. Because of the preéxisting pulmonary 
disease all the cases showed some dyspnoea and cyanosis on exertion. 
This was particularly true in cases 1, 4, 5 and 6 in which there were 
extensive anthracosilicosis and emphysema. However in all cases there 
was a time in the course of the disease when one had to look elsewhere 
for an explanation of the dramatic increase in the severity of the dysp- 
noea and cyanosis. Marked dyspnoea and cyanosis are uncommon in 
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ordinary pulmonary tuberculosis without effusion, pneumothorax, 
miliary or pneumonic spread of the disease. ‘The manner in which cases 
2 and 3, purely tuberculosis patients, manifested acute dyspnoea and 
extreme cyanosis was truly astounding. All the patients sat propped 
up in bed gasping for breath. At the same time they showed extreme 
cyanosis of the lips, nose and ear tips and nail beds. In all, the lips were 
deeply purple. The mucous membrane of the mouth as well as the 
conjunctivae was deeply injected; the cervical veins were full. The 
intensity of cyanosis in these patients was comparable to that of the 
cardiacos negros in Ayerza’s disease. Kampmeier (1) and Montgomery 
(5) found cyanosis an important symptom in their cases. 

Pain was a prominent symptom in all the patients. In cases 1 and 4 
it began in the epigastric regions. Later it radiated upward into the 
substernal areas and remained there. In patients 3 and 6 pain was in 
the right chest and in cases 2 and 5 it was in the substernal areas. There 
was variation in the degree and location of pain in these patients, but 
the fact that it was present in all cases appears significant. Brenner (6) 
and Bogaert and Scherer (7) found chest pain in most of their patients. 

In cases 2 and 3 the lungs with thrombotic pulmonary arteries had 
very little pulmonary tissue left. Practically the entire lung in both 
instances was hollowed out from the apex to the base. Yet the occlu- 
sion of the pulmonary arteries supplying these shell-like structures pro- 
duced most acute dyspnoea, cyanosis and chest pain. 

Restlessness and mental confusion were striking symptoms. All 
the patients except case 5 tossed about in bed as they gasped for breath. 
All of them showed some degree of transitory mental confusion. At 
times they were disoriented as to time and place. All of them were 
apprehensive and frequently talked of death. Mental confusion was 
probably due to cerebral ischaemia. Kampmeier (1), Billings (2) and 
Schramm (8) attached much significance to the mental symptoms in 
their patients. 

In cases 2, 3 and 5 exophthalmos appeared as dyspnoea and cyanosis 
became very acute. In case 5 the conjunctival vessels were extremely 
engorged. Blurred vision was a marked symptom in cases 3, 4 and 6. 
Exophthalmos and blurred vision were probably due to oedema of the 
retrobulbar areolar tissues and passive congestion in the retina. 

Oedema of the ankles was present in all patients except cases 5 and 6. 
It appeared in the terminal stages of the disease, indicating myocardial 
failure. Puffiness of the face was noted in cases 2, 3 and 5; it appeared 
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before the ankle oedema. Low pulse pressure was noted in patients 2, 
4and 5. Thin thready pulse was present in all patients. 

We made no electrocardiographic studies. Bogaert and Scherer (7), 
McGinn and White (9) and Brenner (6) found prominent Q-waves in 
lead 1 and late inversion of the T-wave with a high origin in lead 3. 
In some, a tendency to right axis deviation was noted. McGinn and 
White (9) repeated the electrocardiographic studies after their patients 
had recovered and found the tracings to be normal in two of their nine 
cases. Extrasystoles, gallop rhythm and cardiac murmurs were ob- 
served by them. Extrasystoles were present in case 1. Bogaert and 
Scherer (7) pointed out the similarity existing between the electro- 
cardiographic records of posterior coronary artery occlusion and those 
obtained in their patients with pulmonary artery thrombosis. 

The X-ray examinations showed the character and extent of the pul- 
monary disease. In cases 1, 4, 5 and 6 the gradual increase in the width 
of the cardiac shadow was observed by Dr. John T. Farrell, Jr. The 
patients were too ill to be examined roentgenologically after the occur- 
rence of the pulmonary artery thrombosis. Whether X-ray examination 
can aid in its detection is questionable. The postmortem X-ray exami- 
nation of the chest failed to show the thrombus in these cases. The 
arteriograms of the lungs with the pulmonary arteries filled with radio- 
paque substance showed marked arteriosclerosis in the lobes which were 
most diseased (figures 4, 8, 10 & 14). 

The physical findings of the lungs and heart were not helpful. Other 
than signs of chronic pulmonary disease and myocardial weakness at 
the terminal stages, the findings were negative. 

The diagnosis of thrombosis of the pulmonary artery may be suggested 
by the clinical features already described. In a tuberculous patient 
without heart disease in the past, rapidly increasing symptoms and signs 
resembling acute myocardial decompensation should arouse suspicion 
of thrombosis of the pulmonary artery. Cardiac decompensation in 
ordinary pulmonary tuberculosis is not a usual occurrence. In coni- 
ophthisic patients with concomitant emphysema gradual decompensa- 
tion of the right side of the heart is common. In such cases dyspnoea, 
cyanosis and oedema of the dependent parts may occur and thus simu- 
late pulmonary artery thrombosis. However, extreme cyanosis, rest- 
lessness, exophthalmos and pain are uncommon. 

A coronary artery occlusion may offer difficulty in differentiation. 
The onset in this condition is sudden except in the presence of chronic 
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myocarditis. Pain is more severe but dyspnoea and cyanosis are less 
marked than in pulmonary artery thrombosis. The curious pallor and 
profuse sweating commonly seen in coronary occlusion are absent in 
this condition. Spontaneous pneumothorax may be excluded by the 
physical signs. Intrathoracic malignant disease may be suggested. 
In this, the onset is more gradual. There is no restlessness. In pul- 
monary embolism the onset is sudden with marked pallor but usually 
slight cyanosis of the lips. Cold perspiration and violent vomiting often 
seen in embolism are lacking in thrombosis. Loss of consciousness is 
common in embolism but not seen in our cases. In nonobstructive em- 
bolism the symptoms may be milder, therefore, closely resembling 
thrombosis. Haemoptysis is very common in embolism but not ob- 
served in our cases. 

To make a pathological differentiation between embolic and throm- 
botic pulmonary artery occlusion may present some difficulty. However, 
a careful study of the histological structure of the coagulum, its gross 
architecture in relation to the lumen and shape of the involved artery, 
the tenacity of its adherence to the intima and the apparent age of the 
clot in relation to the extent of atherosclerosis of the underlying intima 
may aid in establishing a correct differentiation. Furthermore, pul- 
monary artery embolism as a rule occurs as a complication to abdominal 
and pelvic operations or infections. Absence of thrombophlebitis in the 
veins of the abdomen, pelvis and the lower extremities and absence 
of antemortem thrombi in the right side of the heart are the points 
against embolism. 

In our cases the manner in which the platelets, fibrin and other cellular 
elements of the blood settled on the atherosclerotic arteries suggested 
that the thrombi formed from the bottom up within those vessels. The 
invasion of the coagula by the strands of fibrous tissue originating from 
the thickened intima was another point in favor of primary thrombosis. 
In addition, the fact that the occlusion was limited only to those ar- 
teries whose terminal branches-were located near the cavities or within 
the masses of anthracosilicotic consolidation indicated that this occlu- 
sion was the result of the condition of the pulmonary tissues surrounding 
them, and not due to accidental lodgment of incoming emboli from dis- 
tant parts of the body. Had these vessels been occluded by emboli, 
it is difficult to conceive that the emboli would choose to lodge only in 
the vessels whose lumina were narrowed and tortuous. Moreover, in 
every case the occluding coagulum conformed exactly to the shape of 
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the involved vessel. In all the cases the clots could not be removed 
easily, so tenaciously were they adherent to the intima. In no case 
was there evidence of thrombophlebitis in the distant veins of the ab- 
domen, pelvis or the lower extremities. In all cases the right auricles 
and ventricles were free from antemortem thrombi. 

Various views have been advanced in regard to the pathogenesis of 
thrombosis of the pulmonary artery. Inflammation and degeneration 
of the artery (Bogaert and Scherer (7)), endarteritis (Boyd (10)), chem- 
ical changes in the blood due to destruction of the pulmonary tissues 
(Michelsson (11)) causing hyperinosis (Killian (12)) and an increase in 
the coagulability of the blood (Gragert and Wildegans (13)) are said 
to be aetiological factors. Increase in the blood calcium (Owre (14)), 
(Oehler (15)), polycythaemia, dehydration and anoxaemia may aid 
thrombosis. Myocardial insufficiency (Bauer (16)), (Dequervain (17)), 
(Rosenthal (18)) with consequent slowing of the pulmonary circulation 
(Michelsson (11)) plays an important réle in thrombosis of the pulmonary 
artery. Bacterial infection (Karsner (19)) and invasion of the vessels by 
tumor cells may also aid in thrombosis. 

In our six cases the extensive pathological changes in the lungs, 
marked atherosclerosis of the pulmonary artery and the gradual weaken- 
ing of the right side of the heart were the principal aetiological factors. 
Cases 1, 4, 5 and 6 had wide-spread pulmonary fibrosis due to anthraco- 
silicosis and tuberculosis. Cases 2 and 3 presented extensive cavitation 
of the lungs containing the thrombosed arteries. Atherosclerosis of the 
pulmonary artery is generally regarded as rare except in conditions such 
as mitral stenosis, emphysema, tuberculosis and chronic pleuritis. 

In fifteen cases of anthracosilicosis associated with pulmonary tuber- 
culosis and in thirteen cases of far advanced pulmonary tuberculosis 
which came to necropsy, the pulmonary arteries were injected with 
radiopaque substance and X-ray films made of them (20). The out- 
standing finding of this study was marked arteriosclerosis of the pul- 
monary vessels near the tuberculous cavities and in the areas of fibrosis, 
whether due to tuberculosis, anthracosilicosis or both. Frequently the 
small sclerotic vessels in these areas showed thrombosis. The arterio- 
grams of cases 2, 4, 5 and 6 illustrate the above observation. 

In every one of our cases the thrombosed artery was in the lung in 
which the pathological changes were more advanced. ‘Tracing the 
thrombosed artery toward the periphery invariably showed that its 
terminal branches containing thrombi ended as blind pouches. These 
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terminal parts were located either at the centre of the anthracosilicotic 
consolidation or at the wall of a tuberculous cavity. The microscopical 
examination of the thrombosed arteries showed marked atherosclerosis. 

It is true that injury to a vessel alone does not lead to thrombosis. 
Many pathologists maintain that in order for injury of vessel wall to 
lead to thrombosis there must also be slowing of the blood current. In 
all our patients there was evidence of myocardial weakness at some time 
during the course of illness. In cases 4 and 6 the pulmonary circula- 
tion time was prolonged. General passive hyperaemia in a vessel 
increases viscosity of that column of blood due to carbon dioxide ac- 
cumulation. Increase in the viscosity of blood is another important 
factor in producing thrombosis. We feel that the atherosclerosis of 
vessels and stagnation of circulation in the diseased vessel, due partly 
to obstruction of its flow and partly to myocardial weakness, allowed 
settling of platelets and fibrin, thus forming a scaffolding for the deposit 
of other cells. 

A bacterial infection might have had some influence in thrombosis in 
these cases. It is a known fact that the presence of bacteria in the 
neighborhood of a vessel produces inflammatory reactions of that vessel. 
In such instances thrombosis frequently occurs in the inflamed vessel. 


We pointed out that in our cases the terminal branches of the throm- 
bosed vessels ended at the cavities containing mucopurulent material. 
The mucopurulent material in the cavities contained tubercle bacilli 
and pyogenic microédrganisms. The products of these microdérganisms 
might have caused inflammation of the nearby vessels thus paving the 
way for thrombosis. Lubarsch (21) in his study of thrombosis in man 
was able to exclude an infectious agent in only thirteen per cent of the 


cases. 


SUMMARY AND CONCLUSIONS 


1. The clinicopathological findings of six cases of antemortem throm- 
bosis of large branches of the pulmonary artery are described. 

2. The outstanding clinical symptoms and signs of this condition 
were rapidly increasing dyspnoea and cyanosis, engorgement of the 
cervical veins, thoracic or epigastric pain, restlessness, mental confusion, 
exophthalmos, blurring of vision, low pulse pressure with thready 
pulse and slight oedema of the ankles in the terminal stages of the 
disease. 

3. Differential diagnosis of thrombosis of the pulmonary artery from 
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myocardial insufficiency, coronary artery occlusion, spontaneous pneu- 
mothorax, intrathoracic new-growths and pulmonary embolism may be 
possible by a close observation of the clinical course of this condition. 

4. Pathological differentiation of pulmonary artery thrombosis from 
embolism of that artery may be made by a study of the microscopical 
and macroscopical architecture of the coagulum, the tenacity of its 
adherence to the vessel, the age of the clot in relation to the athero- 
sclerotic changes of the involved vessels, absence or presence of thrombo- 
phlebitis in the veins of the abdomen, pelvis or lower extremities and 
absence or presence of thrombi in the right chambers of the heart. 

5. Extensive pathological changes in the lungs due to tuberculosis 
and anthracosilicosis, atherosclerosis of the pulmonary arteries and 
gradual myocardial weakening appeared to be the main aetiological 
factors in these cases. 

6. Pulmonary artery thrombosis may be more common in chronic 
pulmonary diseases than generally believed. 


The writers wish to express their indebtedness to Dr. Frank A. Craig and Dr. Joseph Walsh 
for their valuable suggestions and criticisms. The members of the Medical Staff were kind 
in allowing us to use the clinical notes on these patients. 
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TUBERCULOSIS OF CERVICAL LYMPH NODES! 


The Incidence of Its Manifest, Latent and Obsolete Forms in Six Thousand 
Dispensary Patients 


BRIAN C. THOMPSON? 


One of the most noticeable features of the decrease in tuberculosis 
during the last thirty years has been the changed incidence of tubercu- 
losis of lymph nodes. This type of the disease has become reduced 
throughout the civilized world and, although no comparable figures 
are available, it appears that this reduction has been much greater in 
some communities than in others. In the United States, for example, 
it is apparently approaching the vanishing point (1), whereas in certain 
districts of Great Britain (2) the proportion of tuberculous lymph- 
adenitis to all forms of active tuberculosis reaches as high as 20 per cent. 
This disproportion is commonly attributed to the conspicuously purer 
milk supply of the former country, due to pasteurization and to elimina- 
tion of infected herds, but, although the bovine tubercle bacillus has in 
the past been an important aetiological agent in this type of disease, 
there are many indications that it is not the only factor involved. The 
British figures quoted above were obtained in a district where the con- 
sumption of fresh milk is extremely small, averaging two-fifths of a pint 
per person per week (3). This is used almost entirely for cooking, and 
dried or canned milk, presumably sterile, is employed for infant feeding 
and similar purposes. Lymph node tuberculosis is still common among 
the Chinese, who drink little or no milk, and among Indians of certain 
reservations (4) who, in general, drink no milk at all. 

Epidemiological evidence shows that the mortality from tuberculosis 
of all forms is falling, that the time of initial infection is becoming de- 
layed (5), that metastatic types like miliary tuberculosis and bone disease 
are becoming rarer and that the adult type of pulmonary tuberculosis 
has a better prognosis. There is no evidence that tuberculosis of periph- 


1 From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 

2 Dorothy Temple Cross Research Fellow in Tuberculosis, Medical Research Council, 
Great Britain. 
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eral lymph nodes is decreasing any more rapidly than, for instance, tuber- 
culosis of intrathoracic lymph nodes. In the case of the latter, it is 
probable that the infection, when it occurs, is prone to run a more 
benign course with a tendency to heal, owing in part to smaller dosage 
due to improved hygiene and control of the infective agents. It may 
well be that peripheral lymph nodes also receive a smaller dosage and 
that they may fail to show manifest disease, just as may be the case 
with the tracheobronchial nodes. In other words, the fact that tuber- 
culous lymphadenitis is seen less frequently may be in part due to les- 
sened severity, as well as to lessened incidence of infection. 

The present survey was made in an attempt to determine the incidence 
of subclinical tuberculosis of the peripheral lymph nodes and of manifest 
tuberculous adenitis among patients of the Henry Phipps Institute, 
and the relationship between tuberculous adenitis and pulmonary 
tuberculosis. 


SOURCES OF THE PRESENT SURVEY 


At the Henry Phipps Institute patients as a rule either present them- 
selves on account of pulmonary symptoms or are referred for examination 
as contacts of known sufferers from tuberculosis. For this reason, 
lymph node tuberculosis is not commonly seen except as a complication 
of pulmonary disease. 

The records were studied of 5,000 successive patients who paid their 
initial visits between March, 1933 and March, 1937. Routine examina- 
tion of these patients included tuberculin tests and roentgenological 
examination. The latter was made by fluoroscopy with or without 
a subsequent film, films being taken in approximately half the cases. 
In many cases, especially those found to have pulmonary lesions, series 
of many films were taken. The following figures indicate the results 
of the X-ray examinations:. 


Results of X-ray Examination of Chest 


Number of patients X-rayed 

Pulmonary tuberculosis, adult type 

Pulmonary tuberculosis, childhood type 

No thoracic tuberculosis (2 had abdominal tuberculosis) 


Pulmonary tuberculosis of the adult type was classified for conveni- 
ence under three heads, as advocated by the National Tuberculosis 
Association (6): 
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1: Minimal; under this heading were included cases of latent apical infiltra- 
tion, and pleurisy with effusion 

2: Moderately advanced 

3: Far advanced 


Pulmonary tuberculosis of childhood type was classified under two 
heads: 


1: Active, shown by enlarged tracheobronchial nodes with or without demon- 
strable parenchymal infiltration, in which calcification or other signs of heal- 
ing had not been established. These lesions generally occurred below the age 
of 15, and usually below the age of 10 years. 

2: Inactive, in which calcification was established and no active tuberculosis 
of lymph nodes or parenchyma was apparent. These lesions were found in 
both adults and children. 


The figures were as follows: 


Pulmonary Tuberculosis 


Adult type Moderately advanced 
Far advanced 


The tuberculin test was made by intracutaneous injection of Purified 
Protein Derivative of Tuberculin (P.P.D.) in one or two strengths as 
indicated (7). In a certain number of cases the test was omitted for 
clinical reasons or was refused by the patient; in some cases the patient 
failed to return for the reading of the reaction. Of 284 patients who 
were not examined roentgenologically, 41 were positive and 164 nega- 
tive. The latter were mostly very young children, in whom a negative 
tuberculin reaction presumably indicated freedom from infection, and 
in whom roentgenological examination was therefore regarded as un- 
necessary. 

Of 3,263 patients in whom roentgenological examination showed no 
evidence of pulmonary tuberculosis, 2,746 were given a satisfactory 
tuberculin test. Two thousand two hundred and two (67.5 per cent) 
were positive and 544 (32.5 per cent) negative. It is realized that a 
negative tuberculin test is not absolute evidence of freedom from infec- 
tion. The maximum dose used for these patients was 0.005 mgm. 
Purified Protein Derivative, which will almost always detect a tuber- 


Number 
449 
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culous infection. It is noteworthy that, in the present series, 17 patients 
who showed roentgenological evidence of calcified lesions, presumably 
denoting healed tuberculosis in the lung and tracheobronchial nodes, 
were found to be negative to this dose of tuberculin. It is possible in 
these cases either that the degree of allergy was below the threshold of 
this dose but might have responded to a higher dose, or that the infection 
was truly obsolete and allergy no longer present. On the other hand, 
in some cases the roentgenological diagnosis may have been at fault, 
particularly in the 9 cases in which that diagnosis was based on fluoros- 
copy alone. In the 8 cases where X-ray films were taken, 6 showed 
evidence of calcification beyond any reasonable doubt. The remaining 
2 are open to question, and in the light of the negative tuberculin reaction 
should perhaps be read as negative. 


ENLARGED CERVICAL LYMPH NODES 


Of 5,000 patients examined in this series, 940 showed marked en- 
largement of cervical lymph nodes at the time of their first visit. Of 
these, 17 were judged clinically by prolonged observation, with or with- 
out histological confirmation, to be tuberculous. Of the remaining 923, 
one was found to be suffering from Hodgkin’s disease and 6 from malig- 
nant disease secondary to new growths in the lung (five cases) or breast 
(one case). One other patient was acutely ill with scarlet fever. 

There remained 916 patients with lymph nodes enlarged for reasons 
undetermined. The standard record sheet provides for a note on “cer- 
vical lymph nodes,” which was utilized differently by the various clini- 
cians responsible for the examination of patients. Enlargement of 
nodes was variously designated “palpable,” “++,” “moderate,” “size 
of a lima bean,” etc. It was found necessary to use considerable judg- 
ment in interpreting such observations in order to obtain approximately 
uniform results. Thus “palpable” cervical lymph nodes in a child would 
not be accepted as an abnormal feature, unless a special note implying 
abnormality had been added; and enlargement noted equally in cervical, 
axillary and inguinal or other groups, suggesting a “lymphatic diathesis,”’ 
could also be ignored. In general it may be taken that the nodes in- 
cluded in this series were enlarged beyond normal limits but not to a 
massive degree, were not markedly adherent or fluctuant and had not 
broken down; and that they were situated in the upper part of the neck, 
probably in the upper deep-cervical (tonsillar) group. Enlarged supra- 
clavicular or axillary nodes were not included under this head, because 
in cases where these were noted, there was either a definite aetiology, 
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septic, tuberculous or malignant, or there was generalized enlargement 
of all peripheral lymph nodes (lymphatic diathesis). 

In many of these cases there was noted a condition of focal infection 
to which the lymph node enlargement might be attributed, such as 
enlarged or septic tonsils, dental caries or pediculosis. This information, 
however, was of little value in deciding whether the enlargement was 
merely secondary to local sepsis of this type, owing in part to the incon- 
stancy of the observers and the absence of negative observations in cases 
without enlarged lymph nodes. 

It is possible that in some of these cases the lymph node enlargement 
was due to tuberculosis. Tuberculous cervical nodes in a latent or 
healed stage may often escape diagnosis owing to their inconspicuousness 
or resemblance to the common minor hyperplasias. The writer has 
recently had opportunity of examining the protocols of 61 patients whose 
tonsils or adenoids, routinely removed at Johns Hopkins Hospital, 
Baltimore, were found to show histological tuberculosis.* Although in 
57 of these the associated cervical lymph nodes were clinically noted as 
“enlarged,” in only 24 were they diagnosed as tuberculous, 18 of them 
by biopsy. Of the remaining thirty-nine, 28 were examined after inter- 
vals averaging twenty years, by which time cervical lymph nodes were 
palpable in only fourteen cases. Gross manifestation of tuberculosis in 
these patients was thus exceptional. 

If, as the writer believes, tubercle bacilli primarily invading the 
nasopharynx behave as they do when invading the lung, that is, pro- 
ducing a small retrogressive lesion at the site of entry and a more exten- 
sive lesion in the regional lymph nodes, then it is probable that many 
more cervical nodes are infected with tuberculosis than ever become 
clinically tuberculous. The lymph node which drains the tonsil (8) 
must reach a considerable size before becoming noticeable and X-ray 
examination may show extensive calcium deposits in a node in this situa- 
tion which have never before attracted attention. It was felt that the 
present series might throw some light on the incidence of latent cervical 
node tuberculosis of this type, if the occurrence of lymph node enlarge- 
ment could be correlated with positive tuberculin reactions in patients 
showing no roentgenological evidence of intrathoracic tuberculosis. 

A total of 2,746 patients had negative roentgenograms and were given 


* Through the courtesy of Dr. Samuel J. Crowe, Dr. James Bordley III, and Dr. John 
Baylor. 
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a satisfactory tuberculin test; lymph node enlargement (not suspected 
as being tuberculous or malignant) was noted in 443 (20.1 per cent) out 
of 2,202 tuberculin-positive patients, and in 151 (27.9 per cent) out of 
544 tuberculin-negative patients. Thus the incidence of enlarged lymph 
nodes was actually slightly higher, though not significantly so, among 
tuberculin-negative than among tuberculin-positive patients, showing 
no evidence that latent tuberculosis of the cervical nodes was responsible 
for the positive tuberculin reaction in the latter group. 


CERVICAL LYMPH NODES CLINICALLY TUBERCULOUS 


Clinically diagnosed tuberculous lymphadenitis occurred in 51 patients 
of the series. In 38 of these the lymph node lesions occurred prior to 
the patient’s attending the Institute, and were healed or obsolete at 
this time in 34 patients, being diagnosed by the personal history, the 
records of some other clinic, or the presence of characteristic scars in 
the neck. In 5 of the 38 cases, X-ray examination showed calcified 
deposits at the site of the old lymph node lesion. In 8 cases nodes had 
been surgically excised, and in 28 there was a history of abscess-formation 
and chronic draining sinus. Of the remaining 2 cases, one showed 
marked calcification and the other had an active recurrence of the 
adenitis while under observation. It may be noted that, while X-ray 
shadows of calcification are presumptive evidence of old tuberculosis, 
the absence of such shadows does not mean that no tuberculosis has been 
present. Many tuberculous lymph nodes do not reach the stage of 
massive caseation and in them calcium may never be laid down. Even 
in nodes which have caseated and calcified, lime salts may be rapidly 
and completely resorbed. The writer has observed dense calcification in 
a cervical node which entirely disappeared within four months. 

The distribution of previous tuberculous adenitis in this series was 
as follows: 


X-ray Diagnosis 


CHILD- 
HOOD 
TYPE IN- Far 


ACTIVE ad of advanced 


5 
Total cases in each group 329 
Percentage showing previous 

tuberculous adenitis .8! 1.50 


ADULT TYPE 

NO 
TUBERCU- TOTAL 

LOSIS 

38 | 

| | 
| | | 1.38 | 
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The incidence of previous tuberculous adenitis was thus more than 
twice as high among patients showing X-ray evidence of adult-type 
pulmonary tuberculosis as among patients in whom X-ray examination 
showed no evidence of tuberculosis (1.38 per cent as compared with 
0.64 per cent). These two groups are directly comparable, as both came 
under clinic observation in the same way and both were subjected to 7 
the same routine investigation. The difference in incidence is therefore 
significant and indeed striking, since it is directly opposed to the view 
first expressed by Marfan in 1886 (9) and still widely held (10), namely, 
that lymph node tuberculosis tends to protect the individual from sub- 
sequently developing pulmonary tuberculosis. ‘Though it was impossible 
from the material available to determine that no intrathoracic tuber- 
culosis accompanied or preceded the original lymphadenitis in the above 
figures, there is strong presumption that in most cases the lymph node 
lesion appeared in advance of the adult-type pulmonary lesion. 


ACTIVE TUBERCULOUS ADENITIS 


Seventeen patients had active tuberculous cervical adenitis at or 
about the time of their first visit: in 4 of these the disease was a recur- 
rence of an old partially healed lymph node tuberculosis; in 6 cases there 


was associated pulmonary tuberculosis of adult type; in 3 cases, calcified 
tracheobronchial nodes; and in 2 cases, active, noncalcified tracheo- 
bronchial adenitis. The anatomical distribution was as follows: 


X-ray Diagnosis 


PULMONARY 


ANATOMICAL GROUPS 


Adult 
type 


Tonsillar 
Submaxillary 
Supraclavicular 


Generalized 
Undetermined 


This distribution, though the numbers are small, is in accordance with 
the observation of Grey Turner (11) that tuberculosis of the upper 
deep cervical lymph nodes, infected presumably by the nasopharyngeal 
route, is not commonly associated with pulmonary involvement, whereas 
tuberculosis of axillary or supraclavicular nodes is usually associated 
with and often preceded by intrathoracic tuberculosis. 


NO TUBERCULOSIS _ 
TOTAL 
LOSIS | Childhood 
ype 
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Nine of the patients were white and 8 were colored, a distribution 
approximately equal to that of all patients attending the Institute, 
which during the years under consideration was in the proportion of five 
white to four.colored patients. Ten were male and 7 female. 

The age distribution was as follows: 


AGE IN YEARS 


1-4 5-9 10-14 | 15-19 | 20-24 


Number of cases 2 1 8 1 


It will be noted that the peak of incidence occurred during the period 
of adolescence, which is considerably later than that usually reported 
in the United States (8) and found by the writer in England, where in 
a series of 324 cases the peak of incidence occurred at the age of nine 
years; but the numbers here are small and the degree of selectivity of the 
material makes it unsafe to draw any general conclusions. 


COMPARISON WITH OLD RECORDS 


In order to determine whether any change had taken place in the 
incidence of lymph node tuberculosis among patients of the Henry 


Phipps Institute during the past thirty years, the records were studied 
of 1,000 patients who attended there successively during the year 1907. 
Neither tuberculin testing nor roentgenological examination was em- 
ployed at this time, diagnosis being based on physical examination. 
About half the patients diagnosed as having pulmonary tuberculosis 
were found to have tubercle bacilli in their sputum. The figures are 
as follows: 


CERVICAL LYMPH NODE TUBERCULOSIS 


Obsolete 


With | Without Negative 
scars scars 


Pulmonary tuberculosis 3 3 824 
Abdominal tuberculosis 
No tuberculosis 124 
Diagnosis not completed 34 34 


982 | 1,000 


Active tuberculous lymphadenitis was found in 10 out of 840 patients 
with pulmonary tuberculosis (which in view of the diagnostic methods 


25 and 
over 
| 4 17 
TOTAL 
6 12 
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available may be regarded as chiefly “moderately advanced” or “far 
advanced”’), that is, 1.2 per cent. The incidence of active tuberculous 
lymphadenitis in patients of the 1933-1937 series with moderately or 
far advanced pulmonary tuberculosis was 6 out of 680, that is, 0.89 per 
cent. The difference is not significant. 

Of the 840 patients with pulmonary tuberculosis 6 showed evidence . 
of previous tuberculous lymphadenitis (0.71 per cent). This figure is 
actually less than that found in the years 1933-1937 (1.38 per cent). 

There has been a marked change in the type of patients attending 
the Institute since 1907, notably in the great increase of colored patients, 
but no marked clinical difference has been observed in this type of dis- 
ease as it affects either colored or white patients. It may be that the 
type of lymph node infection has changed, possibly from a bovine to 
a human aetiology, and that the form now predominating is more com- 
monly followed by the development of pulmonary tuberculosis than that 
found thirty years ago. In this earlier material, however, slight errors 
of observation or recording in two or three cases could alter the figures 
considerably and diagnosis lacked the corroboration of the X-ray. It 
is probably safe to conclude that during these thirty years the incidence 
of previous lymph node tuberculosis in cases of pulmonary tuberculosis 
has at least shown no decrease, if it has not actually increased. 


SUMMARY AND CONCLUSIONS 


1. A series of 5,000 successive patients attending a tuberculosis dis- 
pensary during the years 1933-1937 was studied to determine the inci- 
dence of tuberculosis of peripheral lymph nodes, and was compared with 
the records of 1,000 successive patients attending the same clinic in the 
year 1907. 

2. The total number of cases of tuberculous cervical lymphadenitis, 
active and obsolete, was 51, or 1.02 per cent of all patients examined in 
the 1933-1937 series, and 18, or 1.80 per cent, in the 1907 series. 

3. In the 1933-1937 series, active tuberculosis of the cervical lymph 
nodes was found in 17 cases, or 0.34 per cent of the patients examined; 
4 of these were cases of recrudescent older lesions. The peak of incidence 
occurred in the 15 to 19 year age-groups. The disease was equally 
distributed and followed a similar clinical course in white and colored 
patients. Associated intrathoracic tuberculosis was found in cases of 
tuberculosis of the supraclavicuiar and of the axillary groups of lymph 
nodes, but not in cases where the upper deep cervical lymph nodes alone 
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were involved. This supports the belief that the former cases were 
infected by a primarily pulmonary route and the latter by a primarily 
nasopharyngeal route. 

4, Enlargement of cervical lymph nodes, clinically not tuberculous 
or malignant, was noted in 494 out of 2,746 patients in whom routine 
roentgenography showed no intrathoracic tuberculosis, and occurred in 
an approximately equal proportion of tuberculin-positive and tuberculin- 
negative reactors. There was no evidence of latent or subclinical tuber- 
culosis of cervical lymph nodes in this group. 

5. Clinical evidence of obsolete tuberculous cervical lymphadenitis 
was found in 38 patients in the 1933-1937 series, or 0.76 per cent of all 
patientsexamined. This occurred in 1.38 per cent of patients with adult- 
type pulmonary tuberculosis, more than twice as frequently as in patients 
in whom roentgenography showed no intrathoracic tuberculosis. This 
suggests that patients with tuberculous cervical lymphadenitis tend 
subsequently to develop progressive pulmonary tuberculosis more fre- 
quently than patients without tuberculous cervical lymphadenitis. 

6. The incidence both of active and obsolete tuberculous cervical 
lymphadenitis in patients with pulmonary tuberculosis was approxi- 
mately the same in those attending during 1933-1937 as in those attend- 


ing in 1907. A lapse of thirty years has apparently not changed the 
relationship between glandular and pulmonary tuberculosis asmanifested 
in the patients of this clinic. 


Acknowledgment is due to Dr. Esmond R. Long, Director of the Henry Phipps Institute, 
for permission to make this survey and for much helpful advice. 
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BILATERAL PHRENIC-NERVE INTERRUPTION IN THE 
TREATMENT OF PULMONARY TUBERCULOSIS! 


ROBERT V. COHEN anp GEORGE WILLAUER 


The value of interruption of the phrenic nerve in the treatment of 
pulmonary tuberculosis is at present a debatable point. There are 
phthisiologists and thoracic surgeons who believe it a procedure of 
great importance and who advise widespread use of temporary or per- 
manent paralysis (14, 15, 16). There are other workers who consider 
the operation a waste of valuable time, productive of little, if any, good 
and capable of considerable harm (5). The great majority is somewhere 
between the two camps. 

In reviewing the records of over 250 patients at the Eagleville Sana- 
torium in whom phrenic-nerve interruption was performed by one of 
us (G. W.) we found eleven cases of bilateral operation, attempted or 
successful. This constitutes a larger group than has been reported in 
the literature and for this reason the cases have been subjected to critical 
analysis. 

Bilateral phrenic-nerve interruption is not unknown. Several writers 
have described it—some as a successful procedure, others as something 
to be avoided on theoretical or practical grounds. Alexander (1) men- 
tions several cases in which the operation was performed to relieve 
persistent singultus or to permit artificial respiration in cases of diaphrag- 
matic tetanus. One rather startlingly successful case of Brunner’s 
is quoted in which a left thoracoplasty had to be followed by bilateral 
novocaine injection of the phrenic nerves because of intractable singul- 
tus. Later Alexander (14) mentioned three of his own cases of bilateral 
crushing operation in which the second crushing was not performed until 
motion had returned to the diaphragm on the previously operated side. 
At this time he wrote that he had never employed simultaneous bilateral 


1 From the Eagleville Sanatorium, Eagleville, Pennsylvania. 

2 Presented in part at a meeting of the Laennec Society of Philadelphia, March, 1937. 

3 Since this paper was written an excellent analysis of the question of bilateral operation 
has appeared in the following: JoHn ALEXANDER, The Collapse Therapy of Pulmonary 
Tuberculosis, Charles C. Thomas, Springfield, Illinois, 1937, pp. 152-154. 
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temporary interruption for pulmonary tuberculosis and was strongly 
opposed to bilateral permanent paralysis. Joannides and Schlack (10) 
have suggested the use of bilateral phrenic interruption and pneumo- 
peritoneum for cases in which bilateral artificial pneumothorax is indi- 
cated but impossible. Thus far they have published no results. 

O’Brien (15), one of the enthusiasts for phrenic-nerve surgery, men- 
tions bilateral operation and sets up criteria for the type of case that 
may respond best to this treatment. Schwatt (17) in 1933 collected the 
available cases from the foreign literature and added one of his own. 
Duryea (8) contributed one case in which the operation was successfully 
performed immediately postpartum. This he believed counteracted 
the deleterious effect of sudden descent of the diaphragm after delivery. 
Potter, Berry and Bortone (16) report one case of right phrenicotomy 
followed by left phrenicectomy. 

At least five cases of postencephalitic tic of the diaphragm have been 
treated by bilateral phrenic-nerve surgery (7, 9, 18, 20, 21). In several 
cases temporary operations were performed which later, after symptoms 
recurred, had to be made permanent. None of the postencephalitic 
cases reported suffered any unusual dyspnoea, but it must be remem- 
bered that they started with healthy lungs and had no atrophy of the 
accessory muscles of respiration such as often accompanies chronic pul- 
monary tuberculosis. 


TECHNIQUE 


The only variation from the usual technique is that after exposure 
of the nerve on the side of the second operation we inject a very small 
amount of novocaine (0.5 per cent) and observe the patient for at least 
twenty minutes before crushing the nerve. In two cases there was suffi- 
cient dyspnoea to warrant discontinuing further attempts at diaphrag- 
matic paralysis. Neither patient suffered any lasting ill effects. It is 
interesting to note that in one case the hemidiaphragm was paralyzed 
for only six hours while the other, with approximately the same amount 
of surgical handling and novocaine, remained paralyzed for over six 
weeks. 


SELECTION OF CASES 


No information of value was obtained from preoperative and post- 
operative studies of vital capacity. This measurement is often greatly 
reduced in patients with only moderately extensive pulmonary tubercu- 
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losis and may be greater after a successful surgical procedure than it 
was before. This was true of one man in the present series whose 
dyspnoea decreased and vital capacity increased following a left phrenic 
crushing six months after a right phrenic evulsion. One of the disad- 
vantages of any form of phrenic-nerve interruption is the inability to 
forecast the rise of the diaphragm or, in temporary operations, the 
duration of paralysis. For this reason we relied more upon dyspnoea 
as a criterion than change in vital capacity measurements or estimation 
by roentgenological studies of the volume of nonfunctioning lung tissue. 
For the same reason we consider the preliminary injection of the nerve 
with novocaine a very important “‘test operation.” 

We do not intend to discuss here the indications and contraindications 
for phrenic-nerve surgery. Suffice it to say that we considered the 
indications fulfilled at the time of the first operation. In some cases 
phrenic interruption was the procedure of choice, in others an operation 
of necessity, artificial pneumothorax having failed or been found impos- 
sible. 

In selecting the second operation, artificial pneumothorax was almost 
always the procedure of choice but, because of reéxpansion or lack of 
free pleural space, was ineffective. Bed-rest was of course used in all 
cases. Thoracoplasty was contraindicated in every case by the charac- 
ter, extent and distribution of the disease. The decision to operate was 
made only after conference of the medical, surgical and roentgenological 
staff. 


DURATION OF PARALYSIS 


The present series is too small to allow drawing any conclusions as to 
the duration of paralysis of the hemidiaphragm after crushing the 
phrenic nerve. In the eight cases which lived until after motion of the 
diaphragm was resumed the average paralysis was 8.5 months with 
extremes of three and thirteen months. 

In one case motion returned to the homolateral leaf of the diaphragm 
sixteen months after the evulsion of 12 cm. of nerve. This has been 
noted before (4) but it is not a frequent occurrence. 

At the time of the second operation the contralateral hemidiaphragm 
was still paralyzed in ten of the eleven cases. At the time of discharge 
six patients had unilateral paralysis of the diaphragra and one had no 
paralysis. 
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RESULTS 


The results are summarized in table 1. 

In cases 1 and 2, both having had phrenic evulsion on the right side, 
left phrenic crushing was attempted thirteen and thirty-five months 
after the first operation. In both cases the preliminary injection of 
the nerve with novocaine caused enough dyspnoea to preclude further 
paralysis. In one case the diaphragm resumed motion in six hours in 
the other it took six weeks. Both patients are still living and showed 
no permanent good or ill effects after the second attempted operation. 

In two far advanced cases (cases 3 and 4) the second operation was 
done solely for palliative reasons. One was a right phrenic crushing 
ten months after a left phrenic evulsion, the other a left crushing thir- 
teen months after a right evulsion. In both cases artificial pneumo- 
thorax was impossible, dyspnoea severe, haemoptyses profuse and cough 
was almost incessant. In case 4 there was marked retraction of the 
mediastinum to the left. In each case the symptoms, especially cough, 
were noticeably relieved but the disease continued its natural course and 
the patients died one and two months after the second operation. 

In cases 5 and 6 the second operation was performed because of 
late spread of the disease twenty-eight and forty months after a right 
phrenic evulsion. Artificial pneumothorax had been found impossible 
in both these patients. There was no dyspnoea or discomfort following 
complete paralysis of the diaphragm which lasted three and thirteen 
months. In neither case was the course of the disease affected. One 
patient died seventeen months after the second operation. The other 
is at home doing light housework. She still has positive sputum but no 
other symptoms. 

One patient (case 7) had a left phrenic crushing five months after a 
right evulsion: There was marked clinical improvement during the 
next nine months during which both leaves of the diaphragm were 
paralyzed. When the left hemidiaphragm resumed motion the tuber- 
culous processes in the left lung became active again. We hesitated to 
perform a permanent operation because of the paralysis and high posi- 
tion of the right dome of the diaphragm. However, sixteen months 
after the right evulsion (12 cm. of nerve evulsed, no accessories seen) 
the right dome resumed motion. A left phrenic evulsion was performed, 
followed by marked clinical improvement and disappearance of cavities. 
The patient went home against advice and married. Nineteen months 


itt 

423 

| 


> 


OM} I9AO 10} 

-eZou umjyndg sawop 
og “pesieyssiq “peaoiduy 

-tsod urnjndg “poo3 uonrtpuos 

aanisod uinjndg 


moj pid 
*‘poo3 
podopaaap suo 
‘peaoidury 
aantsod 
winjndsg 
ON 
“pepe ON 


IPI 


MON 


UI 
UI 


OM} UT 
pesieqosiqg “39092 ON 


“39099 ON 


syj}uow / 


6 


6 


Sq}UOU! 6 


sqyjuoul ¢ 


sinoy 9 


Surysnid 349] 


UOIS|NAD 


WOIS[NAD 


UOIS|NAD 
3397 


Suyysnid 3327] 

[Nysseoons 

“un 
[hysseoons 

“un 


¢ 


9 


SYJUOW OT 

Sq}UOUT $7 


SYJUOU 
sq}UOUI ¢ 
BZ 
OT 


sy}UOU F 


Sq}UOU! OF 


UOIS|NAD 


Surqsnid 349] 


UOTS[NAD 


UOIS|NAD 


UOISMAD 
UOIS|MAD 

UOISNAD 
UOTSNAD 


SISATVaVd 
40 NOLLVand 


NOLLVEad0 GNOOUS 


SNOLLVaado 


SISATVaVd 
40 NOLLVana 


NOLLVaadO 


TTaVL 


424 
| 
Pile 2 wi 


BILATERAL PHRENIC INTERRUPTION 425 


later a new cavernous process developed in the left lower lobe. The 
old lesions remained inactive and were invisible on X-ray films. The 
man is still at home and has no symptoms except the expectoration of a 
small amount of positive sputum. The right lung is inactive, all cavities 
invisible, the diaphragm moving freely. The left lung has a fresh active 
lower lobe cavity. Further surgery is indicated in this case and will be 
done if the patient can be persuaded to return to the Sanatorium. 

The remaining four cases (three good results and one death) are 
quite interesting and deserve to be reported in some detail. 


Case 8: J. A., male, white, 22 years old, was admitted to the Eagleville Sana- 
torium in January, 1933 with pulmonary tuberculosis of five years’ duration, 
four of which had been spent in other sanatoria. Artificial pneumothorax 
had been attempted unsuccessfully on the right side in an effort to control 
frequent profuse haemoptyses. On admission the patient was not toxic and 
had few symptoms. There was a large cavity in the right upper lobe and some 
fibroproliferative tuberculosis in the left upper lobe (figure 1a). Sputum was 
positive. 

Shortly after admission the patient had a severe haemoptysis. Artificial 
pneumothorax was attempted on the right side but could not be induced. On 
March 6, 1933 a right phrenic evulsion was performed. There was marked 
improvement during the next seventeen months. Sputum, though scanty, 
remained positive. In August, 1934 the patient had almost daily haemoptyses 
of 100 cc. or more. There were clinical signs of activity in the left upper lobe. 
X-ray films were suggestive but not absolutely certain of recent cavity forma- 
tion in the same region (figure 1b). Left artificial pneumothorax was at- 
tempted twice. On each occasion there was a free pleural space and small 
amounts of gas were injected without difficulty. However, each time the 
patient showed alarming cyanosis and dyspnoea and the gas had to be as- 
pirated. Careful fluoroscopic examination showed that on neither occasion 
was there a complete (traumatic) pneumothorax. Haemoptyses continued. 
On February 13, 1935 a left phrenic crushing was performed. There was little 
rise of the diaphragm but the left leaf remained paralyzed for nine months. 
During these months there was no haemoptysis and the sputum remained 
consistently negative (figure 1c). The patient was not dyspnoeic and ap- 
peared to be on the road to complete recovery. 

In November, 1935 the left dome of the diaphragm resumed motion and the 
sputum was again positive (figure 1d). Accordingly, in December, 1935 the 
left phrenic nerve was evulsed. There was little change in the level of the left 
hemidiaphragm. Shortly after this operation the old cavity in the right upper 
lobe was again visible on X-ray films. The patient became progressively 


| 


426 ROBERT V. COHEN AND GEORGE WILLAUER 


more dyspnoeic and cyanotic. There was clinical evidence of right ventricular 
failure. This is also noticeable by comparing figures 1d and le which show 
an increase in the size of the right heart shadow shortly after the left phrenic 
evulsion. 

The patient went down-hill rapidly. Haemoptysis was frequent and pro- 
fuse. Posthaemorrhagic bronchopneumonia developed and the patient died 
as a result of this and cardiac failure on April 26, 1936, four months after th« 
last phrenic operation. 

Autopsy revealed a 2 cm. cavity in the right upper lobe, no active foci in the 
left lung, bilateral lower lobe posthaemorrhagic bronchopneumonia. There 
was hypertrophy and dilatation of the heart, especially of the right ventrick 
and pulmonary conus. The pericardium, myocardium and valves were nor- 
mal. The diaphragm appeared atrophied grossly, but microscopically showed 
only a mild degeneration of the muscle fibres. There was no evidence of 
hernia or eventration. 


Case 9: M. T., white, male, 21 years old, was admitted to the Eagleville 
Sanatorium on June 6, 1932 with advanced cavernous tuberculosis, cavity in 
the right upper lobe measuring 6 cm. in diameter. The disease was of two 
years’ duration. Artificial pneumothorax was instituted on the right side 
shortly after admission. The cavity decreased in size but did not disappear. 
In August, 1933 a small cavity appeared in the apex of the left lower lobe. 


Shortly after this the patient left the institution and married. The artificial 
pneumothorax was continued, but by December, 1934 the cavity in the left 
lower lobe was 4 cm. in diameter and the patient sought readmission (figure 2a). 


Fic. la. Case 8. J. A. January 20, 1933. Condition on admission: tuberculosis of 
five years’ duration; frequent haemoptyses; positive sputum; large cavity in right upper 
lobe; fibroproliferative tuberculosis, left upper lobe. 

Fic. 1b. Case 8. J. A. October 11, 1934. Nineteen months after right phrenic evul- 
sion. There was marked improvement for seventeen months; for the past two months 
patient had frequent haemoptyses. Right upper lobe quiet, cavity seems to be disappearing. 
Clinical signs of activity in left upper lobe. X-ray suggestion of fresh active lesion in left 
upper lobe. Sputum positive. 

Fic. ic. Case 8. J. A. March 9, 1935. Three weeks after left phrenic crushing. Both 
leaves of diaphragm elevated and fixed. Patient not dyspnoeic. No cavities visible on 
either side. Sputum consistently negative during the nine months of complete diaphrag- 
matic paralysis. 

Fic. 1d. Case 8. J. A. November 7, 1935. Left dome of diaphragm has resumed 
motion. Sputum again highly positive. 

Fic. le. Case 8. J. A. January 3, 1936. Sixteen days after left phrenic evulsion. 
The old cavity in the right upper lobe is again visible. Note the enlargement of the cardiac 
silhouette (right ventricle and pulmonary conus) as compared with fig. id. Patient died of 
right ventricular failure and posthaemorrhagic bronchopneumonia three and one-half months 
after this film was taken. 
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Fic. 2a. Case 9. M.T. December 18, 1934. Pulmonary tuberculosis of four and one- 
half years’ duration. Right artificial pneumothorax for over two years. Large fresh ex- 
cavation at apex of left lower lobe. Sputum positive. 

Fic. 2b. Case 9. M.T. January 16, 1936. One year after left phrenic crushing. The 
cavity on that side has disappeared. During the past five months the right artificial pneu- 
mothorax slowly obliterated and the original large cavity reappeared. Sputum positive. 

Fic. 2c. Case 9. M.T. June 17, 1937. Eighteen months after right phrenic evulsion. 
No cavities visible in either lung. General condition excellent. Sputum positive only,by 
concentration methods. 
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4 left phrenic crushing was performed on January 19, 1935. There was no 
rise in the hemidiaphragm, but it was paralyzed for thirteen months. The 
cavity diminished in size. 

In August, 1935 the right artificial pneumothorax slowly obliterated and the 
original large cavity reappeared (figure 2b). The patient was readmitted to 
the Sanatorium and a right phrenic evulsion was performed on January 31, 
1936. There was slow but steady improvement in both lungs after the second 
operation. At present the patient is nontoxic, overweight, suffers no dyspnoea. 
Both lungs are greatly improved. He expectorates a small amount of sputum 
which is usually positive (figure 2c). 


Case 10: S. B., white, male, 28 years old, was admitted to the Eagleville Sana- 
torium on April 6, 1934 with pulmonary tuberculosis of three and one-half 
years’ duration. There was advanced, diffuse, fibroproliferative, cavernous 
tuberculosis of both upper lobes, more active on the right side (figure 3a). 
The pleura was so thick that artificial pneumothorax was not attempted. 
After seven months of bed-rest, during which time there was some improve- 
ment a right phrenic evulsion was performed on November 14, 1934. 

In February, 1935 there was a spread to the left lower lobe with a rather se- 
vere pleurisy (figure 3b). A left phrenic crushing was performed on May 1, 
1935. The left dome was elevated 3 cm. at first (figure 3c) and came down 
slowly until motion returned in February, 1936, nine months after operation. 
Except for the immediate postoperative period there was less dyspnoea after 
the second operation than before it. Sputum was negative during most of 
the nine months of bilateral paralysis, but became positive again shortly 
after motion of the left hemidiaphragm was resumed. 

The patient was discharged in October, 1936 and is still at home. His last 
film shows more fibrosis than ever in both upper lobes (figure 3d). Sputum is 
still positive. 


Case 11: D. L., white, female, 20 years old, was admitted to the Eagleville 
Sanatorium on August 14, 1933 with pulmonary tuberculosis of fourteen 
months’ duration. The patient was quite toxic, febrile, 26 pounds under- 
weight, and sputum was profuse and highly positive. There was clinical and 
X-ray evidence of bilateral, advanced, cavernous tuberculosis (figure 4a). 
For the first fourteen months she was kept at absolute rest. There was 
some improvement in both lungs. This was more marked on the left side 
where a transient bronchopneumonic spread with pleural effusion had occurred. 
By November, 1934 the patient was overweight, much less toxic, but her 
sputum was still profuse and positive (figure 4b). It was decided that a right 
temporary phrenic interruption might speed resolution and recovery in that 
lung. This was performed on November 11, 1934. The right hemidiaphragm 
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Fic. 3a. Case 10. S. B. November 13, 1934. Pulmonary tuberculosis for four years. 
Advanced, diffuse, fibroproliferative, cavernous tuberculosis of both upper lobes. Very 
thick pleura. Emphysema of lower lobes. Little improvement on bed-rest. Sputum 
positive. 

Fic. 3b. Case 10. S. B. March 14, 1935. Four months after right phrenic evulsion. 
Right upper lobe processes are more fibrotic. There has been a spread on the left side. 
Sputum positive. 

Fic. 3c. Case 10. S. B. May 9, 1935. Eight days after left phrenic crushing. Both 
halves of diaphragm elevated and paralyzed. Patient up and around without unusual dys- 
pnoea. The sputum was negative during most of the nine months of complete paralysis of 
the diaphragm. 

Fic. 3d. Case 10. S. B. April 7, 1937. Patient at home. Sputum positive. No 
other symptoms. The left hemidiaphragm has been moving for fourteen months. The 
tuberculous processes in both upper lobes appear more fibrous than at any time in the past. 
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Fic. 4a. Case1l. D.L. August 15,1933. Condition on admission: bilateral, advanced, 
cavernous tuberculosis; disease of fourteen months’ duration; sputum highly positive. 

Fic. 4b. Case 11. D.L. November 1, 1934. Improvement on both sides after four- 
teen months’ bed-rest. Some cavities remain in both upper lobes. Sputum positive. 

Fic. 4c. Case 11. D. L. March 5, 1935. Four months after right phrenic crushing. 
The right hemidiaphragm was never elevated but was fixed for four months. Marked im- 
provement on right side. Open cavities still visible in left upper lobe. 

Fic. 4d. Case 11. D.L. May 5, 1937. Within five weeks of film shown in fig. 4c a 
left phrenic crushing was performed. The left hemidiaphragm was slightly elevated and 
paralyzed for seven months. Within one month of the second operation the sputum turned 
negative and has remained negative for over two years. Latest follow-up film shows a little 
fibrosis in both upper lobes. No evidence of cavitation or active disease. 
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was never appreciably elevated but remained fixed and showed paradoxical 
movement for four months. There was noticeable clinical improvement and 
X-ray evidence of clearing in the right upper lobe. The left upper lobe was 
still active (figure 4c). 

On April 10, 1935 a left phrenic crushing was performed. Within one month 
after operation the sputum turned negative. All cavities completely dis. 
appeared within seven months. The left hemidiaphragm was slightly ele- ° 
vated and paralyzed for seven months. The patient was discharged in No. 
vember, 1935 in excellent condition. Both leaves of the diaphragm were 
moving freely and no active processes could be demonstrated in either lung. 
She has been seen regularly since discharge, is symptom-free and has con- 
sistently negative sputum (figure 4d). 


COMMENT 


In all, the operation was attempted eleven times. It could not be com- 
pleted twice because of dyspnoea when the second nerve was injected 
with novocaine. Neither case suffered any permanent ill effects. In 
two hopelessly advanced cases the operation was done for palliative 
reasons. There was symptomatic relief but no arrest or retardation of 
the disease process. In two cases there was no discernible effect on 
the course of the disease nor any dyspnoea or other untoward symptoms. 

Of the remaining five, three were helped considerably by the opera- 
tion and are at present at home either stationary or making slow progress 
toward recovery. Another was helped by a temporary operation but 
died after the paralysis was made permanent. There is without doubt a 
cardiac factor in this case as roentgen films, as well as clinical and post- 
mortem evidence, point to progressive failure of the right side of the 
heart following the second permanent operation. 

The last patient, who seemed almost hopeless on admission and for 
many months afterward, is now at home symptom-free with a negative 
sputum and a very innocent looking X-ray. 

It is understood that bilateral phrenic paralysis especially if perma- 
nent is not without risk (2, 3). Atrophy of the diaphragm is to be 
expected (22) although Meade (12) has shown experimentally that 
tensile strength is not necessarily impaired. Acute dilatation of the 
stomach (23), interposition of the colon (19) and other serious after- 
effects (6) have been reported following unilateral operations. Fortu- 
nately we did not experience any of these in our series of cases. We 
had one case of severe right heart dilatation and believe this must be 
added to the list of potential complications (13). 
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There is no question in our minds that bilateral interruption of the 
phrenic nerve is far from an ideal procedure. Undoubtedly in each of 
the eleven cases cited, if the patients had been seen at an earlier date or 
had consented to operation when first proposed, some more effective 
procedure might have succeeded. However, when seen none were candi- 
dates for thoracoplasty. Artificial pneumothorax had been found im- 
possible in some and had reéxpanded in others. Bed-rest was tried in 
all. It was only when all ordinary measures had failed or been found 
inapplicable that bilateral phrenic interruption was done. Considering 
the very poor prognosis of these cases if untreated, we believe the results 
are far from discouraging. 


CONCLUSIONS 


1. Bilateral phrenic-nerve interruption was attempted in eleven cases 
of pulmonary tuberculosis. 

2. Injection of the second nerve with novocaine preliminary to crush- 
ing provoked sufficient dyspnoea in two cases to preclude further paral- 
ysis. 

3. Two hopeless cases were palliated, two others were improved, four 
were definitely improved, one improved temporarily and later died of 
tuberculosis and right ventricular failure. 


4. The operation should be considered in carefully selected cases 
unsuitable for artificial pneumothorax or thoracoplasty and not improv- 
ing on bed-rest. 
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SEX DIFFERENCES IN TUBERCULOSIS MORTALITY 
IN THE UNITED STATES! 


C. C. DAUER? 


Sex differences in mortality from tuberculosis have for many years 
been the subject of much discussion and study but the explanation for 
these differences has not been agreed upon. Most studies have been 
limited to certain sections of the United States, particularly the Regis- 
tration Area of 1900, 1910 or 1920. Putnam (1) in 1927 reported an 
extensive study of sex differences in mortality for the Registration Area 
of 1900 from 1870 to 1920 in which environmental and biological factors 
were discussed in relation to their possible influence on mortality and a 
review of the important literature up to that time was made. It is 
the purpose of this paper to point out certain variations in tuberculosis 
mortality among males and females which now exist in different sections 
of the entire country. 

In some sections of the United States there has been a gradual change 
in the sex ratio of tuberculosis mortality since the middle of the nine- 
teenth century. In Massachusetts and Rhode Island where data on 
deaths by sex are available since about 1850 and 1860 respectively, 
female death rates were in excess of males previous to 1890, but at the 
present time conditions are reversed. The same change has taken place 
in New York City since the Civil War and in the white population of 
Baltimore, Maryland, since 1875. However, similar changes have not 
taken place in all parts of the United States. For instance, in Charles- 
ton, South Carolina, the mortality rate for white males has remained 
higher than for females since 1820. On the other hand, in the State of 
Indiana female mortality has exceeded that for males since 1890. 


DESCRIPTION OF DATA USED IN THIS REPORT 


Mortality data used in this report were taken from unpublished tabu- 
lations made in the Division of Vital Statistics, Bureau of the Census, 


1 Presented at a session of the Social Work Section at the 33rd annual meeting of the Na- 
tional Tuberculosis Association, Milwaukee, Wisconsin, June 2, 1937. 

2 Department of Preventive Medicine, Graduate School of Medicine and School of Medi- 
cine, Tulane University of Louisiana, New Orleans, Louisiana. 
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Washington, D.C. ‘The author wishes to express his appreciation to the 
Bureau of the Census for permission to use this material. All information 
on population, birth rates, occupation, etc., was taken from published 
reports of the Bureau of the Census. 

The data on mortality are for the four-year period from 1931 to 1934 
inclusive, for all States except Texas, whose data are for the years 1933. 
and 1934. 

All data for Maryland, District of Columbia, Virginia, North Carolina, 
South Carolina, Georgia, Florida, Kentucky, Tennessee, Alabama, 
Mississippi, Arkansas, Louisiana, Oklahoma, Texas and California are 
for white persons only, whether they refer to mortality rates, ratios, 
occupation, birth rates or other information. For all other States 
tabulated data are those for the total population. Consequently, this 
study is essentially one on sex differences in the white population of the 
United States. 

Although rates for Colorado, Arizona and New Mexico are given in 
table 1, these States have been omitted when making comparisons or 
calculating coéfficients of correlation because of the large percentage of 
nonresident tuberculosis deaths occurring in these States. 


DIFFERENCES IN MORTALITY FOR ALL AGES 


In a recent publication (2) in which the regional distribution of tuber- 
culosis mortality for the white population by counties for the entire 
country was shown, we pointed out the areas where mortality is com- 
paratively high. A study of mortality by sex for each of the States shows 
that States with a relatively high mortality for males and females are 
generally to be found in the regions where tuberculosis death rates by 
counties are relatively high. However, both male and female rates are 
not necessarily high in all areas where large groups of counties show a 
high mortality. For instance, in the northeastern section of the country 
only the male rates are relatively high. 

In regions of low mortality, as shown in our study of mortality by 
counties, sex differences are equally apparent. In some of these areas, 
although male and female rates are much below the average, the excess of 
male over female mortality is marked while in other regions of low 
mortality the rates for each sex are about equal. 

The States which have relatively high tuberculosis mortality rates 
for males are in two groups, the Northeastern and Western. The 
northeastern group includes the States from Missouri to Massachusetts 
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on the north and Tennessee to Maryland on the south. The Western 
States include California, Nevada, Washington and Montana. 

Except for Nevada, the States with a comparatively high female 
mortality are located in the east central part of the country. They 
include Kentucky, Tennessee, Indiana, Missouri, West Virginia, Virginia, 
Maryland and Delaware. Male tuberculosis death rates are also above - 
the average in all of these States. 

Another interesting point about mortality for all ages by sex is the 
difference in ratio of male to female rates in different sections. In gen- 
eral, the ratio of male to female mortality is high (male rates greatly 
in excess) in the New England, Middle Atlantic, East North Central, 
Rocky Mountain and Pacific Coast States. In the West North Central, 
West South Central, East South Central and South Atlantic States, 
male ratios are comparatively low, that is, female rates about equal to 
or in excess of males. 


SEX DIFFERENCES IN TUBERCULOSIS MORTALITY BY AGE GROUPS 


In discussing variations in mortality by sex and age for individual 
States, comparisons will be made of broad age groups rather than of five 
or ten-year age groups in order to save space and time. Four groups 


will be used: under 10 years, 10 to 30 years, 30 to 55 years, and 55 years 
and over. The first group presumably includes only deaths due to 
childhood type of disease. The second covers the period when the 
disease most frequently appears in adolescents and young adults. The 
third covers the period of middle life and the fourth of old age. Al- 
though this is obviously an arbitrary grouping a study of five or ten-year 
subgroups shows essentially the same variations. 

Under 10 years: The mortality rates from 1931 to 1934, inclusive, 
for each sex varied considerably in different sections of the country. 
The highest mortality occurred in the Middle Atlantic, East North 
Central and certain Western States, while the lowest rates occurred in 
the Southern and West North Central States. 

The ratio of male to female mortality was fairly constant in different 
sections of the country. In the majority of States the male rates were 
slightly in excess of the female. 

Ten to 30 years: Tuberculosis mortality in this age was relatively high 
for both sexes in the northeastern section of the country, and relatively 
low in the southern section. 

The earlier appearance of tuberculosis of the reinfection type in ado- 
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lescent and young adult females has been emphasized in numerous reports 
and discussions. The study which we are now reporting indicates that 
young females experienced a higher rate of mortality in all parts of the 
country than males of the same age. Even though the rates for males 
10 to 30 years of age exceeded that of females in the same broad age 
group in Idaho, Montana and Utah, this excess was not present in the 
group from 15 to 25 years of age. In the West North Central, Rocky 
Mountain and Pacific Coast States mortality rates in young adult females 
did not exceed those for young adult males by so great a margin as in 
other sections. This relatively high ratio of male to female rates in 
these States seems to have been the result of a lower rate of mortality 
among females rather than relatively higher rates among males in this 
particular age group. 

Thirty to 55 years: There was considerable variation in male mortality 
for this age in the different sections of the country while female rates 
were much more constant. In the Northeastern States male mortality 
was higher than in other sections. 

The rates for males in this group exceeded those for females in all but 
a few States. In the West North Central and Southern States the 
female rates nearly equaled and in a few instances exceeded those of 
males. However, in the northeastern section and Western States the 
excess of male over female mortality was about 50 per cent. 

Fifty-five years and over: In this old age group the male rates were more 
constant while those for females varied to a considerable degree in differ- 
ent sections. The female rates in Southern States were relatively high 
in comparison with other sections of the country, and while male mor- 
tality was also high in this area it did not exceed that for males in other 
sections by so great a margin. 

In the extreme northeastern section and far Western States the male 
rates were approximately twice as high as the female, while in the South- 
ern States female mortality was higher in many States than that for 
males. The characteristic feature about mortality in Southern States 
for the last decade has been the high rate in old age for both sexes, a fact 
which has been pointed out in a previous study (3). 


CORRELATION OF ENVIRONMENTAL, SOCIAL AND BIOLOGICAL FACTORS WITH 
TUBERCULOSIS MORTALITY IN MALES AND FEMALES 


We are confronted with numerous complicated and often inconstant 
factors when trying to give any explanation for sex differences in a given 
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community or State. These are multiplied when we try to explain differ- 
ences for various sections of the whole country. The fact that differences 
have been found is not surprising when we consider the size of the United 
States, the variety of climatic conditions in which people live, the varying 
degress of concentration of population, the economic status, hygienic 
standards, occupations, and other environmental and social conditions - 
in the different geographical regions. Add to these, differences in race 
and origin of certain population groups, sex and age of populations, 
dietary customs, then the problem becomes even more complex. If the 
human host reacts differently under different conditions, one might also 
expect the bacterial agent responsible for the disease to react differently. 
Of the latter we have no knowledge whatever. 

In trying to determine what association there is between certain en- 
vironmental and biological factors and tuberculosis mortality we have 
resorted to the use of correlation coéfficients. Although we realize that 
a high degree of correlation is not proof of a causal relationship we feel 
that when properly interpreted it is useful in determining relationships. 

Certain factors which were thought to have, or have been suggested 
as having, some influence on the tuberculosis mortality were selected, 
for which we could secure fairly accurate and comparable information for 
all States. These were correlated with mortality rates by sex. Arizona, 
Colorado, New Mexico and the District of Columbia were omitted in 
calculating the coéfficients. The results have been tabulated in table 2 
and will be discussed very briefly. 

Percentage of urban population: Urbanization has been regarded as an 
important factor in producing a high mortality from tuberculosis. How- 
ever, some recent reports cast doubts on such assertions. Wolff (4) 
reports that there is no correlation between a high percentage of urban 
population and a relatively high tuberculosis mortality for all classes 
of population (male and female combined) in various European countries. 
Our own studies of mortality by counties in Southeastern United States 
led us to the same conclusion (3). 

When mortality rates are correlated with the percentage of urban 
population the resulting coéfficient merely suggests that high tuberculosis 
mortality in males is associated with a high per cent of urban population. 
If Southern States are not included there is a significant positive correla- 
tion + .66 + .10. The correlation coéfficient between female mortality 
and urban population is not of such an order that any significance can 
be attached to it. 


TABLE 2 
Coéfficients of correlation between tuberculosis mortality and environmental and social factors 


AGE GROUPS 


PER CENT URBAN 
POPULATION 


PER CENT EMPLOYED 
MALES IN MECHANICAL 
AND INDUSTRIAL 
OCCUPATIONS 


PER CENT POPULA- 
TION ILLITERATE 


PER CENT FOREIGN 
BORN 


PER CENT COLORED 
POPULATION 


All ages 
0-10 
10-30 
30-55 
55 


+.40 +.12 
+.23 +.14 
+.43 +.12 
+.45 +.12 
+.03 +.15 


+.45 +.12 


+ .43 4.12 
+.48 +.11 
+.08 +.15 


+.31 
—.04+.14 
+.19 
+.42 4.12 
+.55 +.11 


+.41 +.12 
+.45 +.12 
+.54+.11 
+.21 +.14 
—.12+.14 


—.14+.14 


AGE GROUPS 


PER CENT URBAN 
POPULATION 


PER CENT FEMALES 
EMPLOYED 


PER CENT POPULA- 
TION ILLITERATE 


PER CENT FOREIGN 
BORN 


PER CENT COLORED 
POPULATION 


BIRTH RATES* 


All ages 
0-10 
10-30 
30-55 
55 
15-44 


Females 


+.09 +.14 
+.18 +.14 
+ .38 +.13 
—.25 +.14 
—.28 +.14 


+.14+.15 


+.31 +.13 
—.16+.14 
— .32 +.12 


+.49 +.11 
—.15+.14 
+.35 +.13 
+.61 + .09 
+.29 +.14 


— .22 +.14 
+.15 +.14 
+.18 +.11 
— .38 +.13 
—.70 +.07 


— .13 +.13 


— .08 +.15 


— .37 + .13 
+ .34 +.13 
+ .36 +.13 
—.14+.14 
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* Birth rate per 1,000 women 15-45 years of age. 
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Occupation: We have found in other studies (3) that a high tubercu- 
losis mortality in the white population of certain sections of Southeastern 
United States is not associated with a high percentage of population 
engaged in industrial and mechanical occupations. In this study, when 
mortality rates for males were correlated with per cent of males, 10 years 
of age and older, engaged in industrial occupations the coéfficient is 
positive, + .45 + .12. While this coéfficient cannot be regarded as a 
significant one, we feel that some importance may be attached to it. 
When Southern States are omitted from the calculations, the coéfficient 
of correlation becomes + .46 + .12. 

The female rate for all ages shows no correlation with per cent of 
females engaged in all gainful occupations. This is not surprising since 
the standards of living, diet, housing conditions, etc., may be much better 
for employed females than for many of those who remain at home. 

No definite conclusions can be drawn regarding the relationship of 
tuberculosis mortality and per cent of persons engaged in industrial 
occupations. A much more refined method of treating this problem 
statistically has been accomplished by Miss Whitney in her contribution 
on Death Rates by Occupation, and the method should be extended and 
should include larger samples of population in all sections of the country. 

Illiteracy: The coéfficient of correlation between tuberculosis mortality 
and per cent of illiteracy in the population is not high enough to warrant 
the conclusion that there is any causal relationship. 

Per cent of foreign born: Even though the coéfficient of correlation 
between tuberculosis mortality in males 10 to 30 years of age and per 
cent of foreign born is positive we are not warranted in regarding it of 
much significance. For females there is still less association. 

Per cent of colored persons in the total population: The colored popula- 
tion in the eastern part of the United States is principally Negro, while 
in the western part it is classified mainly as Indian, Mexican, Chinese 
and Japanese, according to the State with which we are dealing. All 
of these races experience much higher death rates from tuberculosis than 
does the white population. However, there is a negative correlation 
between mortality rates for either sex and the per cent of colored popula- 
tion. This is contrary to some opinions which have been expressed (5). 
Even in Southern States where Negroes make up one half or more of 
the population of some counties, we have not found a higher mortality 
among white persons. 

Birth rates: Pregnancy has been frequently mentioned as having an 
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unfavorable influence on tuberculosis in females. Nicholson (6) in a 
study of tuberculosis mortality in young adult females of New York City 
came to the conclusion that pregnancy had no influence on mortality, 
although she stated there was evidence that it was a factor in the de- 
velopment of clinical evidences of the disease. Our findings in this 
study are in agreement with this conclusion regarding mortality. There 
is no correlation between mortality for females and birth rates, that is, 
as birth rates increase tuberculosis mortality does not consistently in- 
crease. Not even for mortality in specific age groups of females was 
there any correlation with the birth rate. In this study the birth rate 
was based on the number of births per 1,000 women 15 to 45 years of age. 


DISCUSSION OF SEX DIFFERENCES IN MORTALITY 


The relatively high mortality among males in the northeastern section 
of the country may be the result of urbanization and industrialization 
of a large proportion of the population. Vermont appears to be an 
exception in that there is a very high tuberculosis mortality for males 
and a comparatively small urban population. The high rates are ap- 
parent only in the age groups 30 years and over. It is probable that the 
very high mortality is related to a particular industrial hazard which 


affects a comparatively large number of adult males, that is, silicosis. 
This unfavorable influence bears most heavily on males in middle and 
old age. In this same area the environmental factors do not appear to 
have had such a detrimental effect on tuberculosis mortality in females. 

In many of the Rocky Mountain and Pacific Coast States the rela- 
tively high mortality among males does not appear to be the result of a 
concentration of the population in cities or to the fact that a large per- 
centage of males are engaged in industrial occupations. Mortality 
among females in this region is comparatively low which tends to produce 
a high ratio for males and accounts for the relatively low rates for the 
total population in some of these States. In Montana for instance, 
tuberculosis mortality for the total population would be about as high 
as in Kentucky and Tennessee if the female rates were as high as the 
male. ‘The same may be said of New York State! 

In Midwestern and Southern States where the population is more 
rural than urban, female rates are about equal to or even exceed those 
for males. The comparatively high mortality for white males in Louisi- 
ana is due to the high rate for white males in New Orleans. Mortality 
in this State, exclusive of New Orleans, is about equal for males and 
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females. In the midwestern group both male and female rates are low 
except in Missouri while in several of the Southern States (Kentucky, 
Tennessee and Virginia) mortality for both sexes is high. In this latter 
group of States female rates are also equal to those for males in urban as 
well as rural areas, which condition does not appear to be present in the 
midwestern group. There is no apparent reason for the high mortality 
in the east central group of States. 

The exceeding complexity of the whole question of sex differences in 
tuberculosis mortality for all sections of the United States is apparent. 
Our impression is that while we may generalize within certain limits with 
respect to the effect of specific environmental factors we are not safe 
in assuming that the ratio of male to female mortality will always be the 
same if these specific environmental conditions are found to the same 
degree in different sections. Our impression is that high tuberculosis 
death rates in different sections are probably the result of different 
combinations of factors. 

The data do suggest, however, that, in certain areas where the rates 
for one sex exceed those for the other to a large degree, preventive 
and control measures might be concentrated to reach these specific 
groups. For instance, in the far Western States tuberculosis in males 
should receive more attention. In the northeastern section where male 
rates in the middle and old age groups are excessively high, the hazards 
of urbanization and industrialization should be studied more intensively 
for their possible influences on tuberculosis in males. In the South 
Atlantic and East South Central States tuberculosis in the older age 
groups of both sexes should receive more attention. Knowing more of 
the regional distribution of the disease and excessive mortality for 
special groups which appear to be particularly vulnerable to the disease, 
planning for control might be worked out on a more effective basis. 


SUMMARY 


The principal sex differences in tuberculosis mortality when all sections 
of the United States are included are (/) the relatively high mortality 
rates for males as compared with females in the Northeastern and 
Western States, and (2) the relatively high rates for females in the 
east central section. The high rates for males are the result of high 
mortality in middle and old age (30 to 55 years, and 55 years and over). 
The high rates for females in the east central region are due in large degree 
to excessive mortality in old age (55 years and over). 
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The evidence suggests that the relatively high death rates from tuber- 
culosis among males in the northeastern section are in some manner 
related to the relatively high percentage of urban and industrial popu- 
lation in this region. Other correlations for male and female mortality 
are not significant. 
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THE INFLUENCE OF SUNLIGHT UPON EXPERIMENTAL 
TUBERCULOSIS! 


A. C. UKIL anp S. R. GUHA THAKURTHA 


Having noticed some striking facts, a few of which are mentioned 
below, which might lead us to think that open air and sunshine had 
perhaps played a part in influencing tuberculous infection and disease in 
man and animal in India and knowing that sunshine is abundant 
in this country, we decided to conduct some animal experiments to 
demonstrate the biological influence of sun-rays, if any, in this country. 

We mention here some of the facts which led us to undertake this work: 

(1) Boys and girls of the age period 6-10 years, under identical con- 
ditions, gave, at our hands (1), more or less the same frequency of positive 
tuberculin reaction (30 per cent). Between the ages of 11-15 years, 
however, when they begin to observe Purdah (partial seclusion at home), 
females show a higher incidence by 6 per cent. Between the ages of 
16-20 years, the incidence in females rises to double that of males. This 
disparity is not noticeable in European statistics. We have not been 
able to think of other likely causes as a possible explanation of this 
disparity except that the chances of infection at home are more numerous 
and frequent and that the strain of adolescence might have acted differ- 
ently in the two sexes. 

(2) Cattle tuberculosis has been generally recognized as a rare disease 
in India. Soparkar (2) showed by inoculating both English and Indian 
calves of various breeds with 50 mgm. of a virulent strain of bovine 
tubercle bacilli that, while generalized tuberculosis was produced by 
this dose in English calves, a majority of the Indian calves remained 
clinically well and showed only minimal lesions on autopsy. Although 
no satisfactory reasons have been assigned for this, the relatively low 
susceptibility of Indian calves might have been influenced by their open 
air and sunshine life here. 

(3) The results of farm experiments in Europe and India to render 
a herd tuberculosis-free by keeping the animals in open air and sunshine 
and vice versa are suggestive facts which stimulated our ideas. 

1 From the Tuberculosis Inquiry, Indian Research Fund Association, All-India Institute 
of Hygiene and Public Health, Calcutta, India. 
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Light therapy is now recognized as a valuable adjunct to the routine 
treatment, particularly of some of the extrapulmonary forms of tuber- 
culosis. The exact mode of its action is now fairly well understood. 
Mayer and Dworski (3) think that healing is brought about by ‘‘a com- 
bination of successive changes, viz., hyperaemia, chemical disturbances, 
destruction of some bacteria and local action on the products of the 
existing bacteria.” The direct destruction of bacilli seems to play only 
a minor part (4) and some think that the beneficial results are due more 
to the sloughing off of the tuberculous tissue (5) than to any germicidal 
action exercised by the ultraviolet rays. Others, such as Balderrey and 
Barkus (6), claim that, when the human body is exposed to direct sun- 
light, the alkalinity of the blood is diminished by bringing about the 
diminished concentration of carbon dioxide in the blood and alveoli. 
Rollier (7) thinks that light produces a more regular flow of blood from 
the depths to the surface of the body bringing about decongestion. 
Colebrook, Eidinow and Hill (8) showed, by exposing blood or serum 
mixed with tubercle bacilli and spread in a thin film to ultraviolet rays, 
that tubercle bacilli were not killed, that only rays shorter than 3,300 A. 
showed the bactericidal effect and that the longer rays from 4,000 to 
3,300 A. proved ineffective. They also showed that the shorter rays 
did not penetrate the surface of the body deep enough to kill the bacilli. 
They think that the beneficial effect of actinotherapy is probably due 
to other causes, one of them being the increase of haemobactericidal 
power brought on by the exposure. This they showed by exposing 
rabbits inoculated with pyogenic cocci to sunlight, ultraviolet rays, 
radiant heat and certain other mildly irritant influences. They found 
that the augmented bactericidal power was rather transient in nature, 
the maximum being reached in one to two hours after which it declined 
rapidly to the original level. One of them (Colebrook (9)) further 
showed that this bactericidal activity was referable to changes in the 
function of the leucocytes. Hill (10) showed that the cooling effects of 
the air aided the beneficial action of the ultraviolet rays and that the 
metabolism was increased by 10 to 50 per cent. He further showed 
that artificial light treatment conducted in warm stagnant air indoors 
does not give the beneficial effect of cool air and the consequent stimu- 
lating effect on the metabolism, appetite and muscular tone. The litera- 
ture on the subject is enormous. Mayer (11) has made a full review of 
it up to 1926. 

Sunshine being abundant in the tropics, we wanted to see if it had any 
réle in influencing the resistance to tuberculosis. But we did not know 
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the diurnal and seasonal variations of the extent and intensity of extreme 
ultraviolet solar radiation in this country. Hence, we were compelled 
to evolve an accurate method to measure it with the kind collaboration 
of Dr. P. N. Ghosh, Professor of Applied Physics, Calcutta University. 
The experiments were conducted in Calcutta and the results have been 

described in a previous paper (12). 

The biologically active rays were found to be strongest during the 
months of June and July, fading rather quickly in May and the latter 
part of July. The ultraviolet rays were much weaker from March to 
May. From May to September, the intensity of the ultraviolet rays 
was more pronounced in the afternoon than in the morning. During 
the winter months, the intensity has been found to be markedly reduced 
in the morning. The maximum ultraviolet intensity of solar radiation 
was found to be between 12 noon and 2 p.m., exactly at the time when 
the heat rays also attain their maximum intensity. As the infrared 
and heat rays have been found to be distinctly harmful to inoculated 
guinea pigs (13), we had to face the problem of eliminating the heat 
rays by evolving special contrivances. 

Elimination of heat rays: The sun’s rays consist of the visible spectrum, 
which consists of the red and infrared zones, extending from 7,600 A to 
3,900 A. Heat rays form more than 50 per cent of the energy of this 
zone. One can have ultraviolet rays from sunshine up to only 2,900 A. 
If it is desired to go beyond this limit, one has to employ artificial ap- 
paratus such as quartz lamps. 

The ultraviolet zone extends from 3,900 A to 2,900 A and beyond. 
This zone is made up of two subdivisions: (1) long rays, which extend 
from 3,900 A to 3,200 A, and which have been proved to be unimportant 
for biological purposes; (2) short rays, which extend from 3,200 A to 
2,900 A and beyond. These are important for biological purposes. 

Various devices had to be utilized in our attempt to eliminate the heat 
rays and to utilize the ultraviolet rays. We have filtered the sun’s rays 
through special filter glasses. We are grateful to Dr. W. Morikéfer, 
Director of the Physical and Meteorological Observatory at Davos, for 
suggesting to us several types of filter glasses manufactured by Deutsches 
Spiegel Glas A. We tried two types of glass, (1) Brephos Blau No. 5, 
which allows ultraviolet rays up to 2,910 A while cutting off nearly 90 
per cent of heat rays, and (2) Brephos Hellglas, which allows ultraviolet 
rays up to 2,598 A but cuts off only 50 per cent of heat rays. It may be 
noted that the ordinary window glass admits ultraviolet rays only up to 
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3,300 A and cuts off only 5 to 10 per cent of heat rays. We are grateful 
to Prof. Dr. P. N. Ghosh of the University College of Science, Calcutta, 
for testing the filter glasses by spectrography before we began our experi- 
ments, as also after the experiments were finished. The composite 
spectrograph reproduced in figure 1 shows the iron arc in the centre, 
the new or unused Brephos Blau glass above and the same glass after 
the experiments were finished below. It will be seen that the filtering 
property of the exposed glass slightly deteriorated after use. The ultra- 
violet transmission falls rapidly from 3,100 A. 

The Brephos Blau glass sheets were mounted on a wooden frame, open 
on all sides, to support them at an angle of 30° and directed against the sun. 
The rear shafts of this frame were 6 feet 9 inches high and the front 
ones 5 feet 4 inches. A perforated platform was fixed at a height of 
2 feet from the ground, covered with moist khus khus (a kind of grass 
matting), to keep off the radiated heat from the earth. The animals 
were kept in wire cages and placed on the platform. A draught of air 


Fic. 1. Spectrograph of used and unused filter glass (Brephos Blau) 


was passed through the cages by means of a table fan placed near one 
side of the frame. Figure 2 illustrates the arrangement introduced 
during the period of exposure. A thermometer was placed on the cages 
to record the temperature above the platform and another was tied to 
the front shaft of the frame in the open sun to record the temperature 
of direct sunlight. We adjusted the frame in such a way that the sun- 
rays fell at right angles to the glass surface of the filters throughout the 
period of exposure, as the intensity of radiation is at its maximum along 
normal rays and falls off as the angle of incidence increases. 


ANIMAL EXPERIMENTS 


It was decided to conduct the experiments with guinea pigs. Such 
guinea pigs were selected for the experiment as had a minimum of black 
skin, as it has been shown (14) that the intensity of the penetrating active 
rays is twice as great for the white as for the black skins of these animals. 
Both shaved and unshaved guinea pigs were employed in the experi- 
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ments. Animals between 443 and 511 gm. in weight were employed. 
Exposures were usually commenced from 12 noon, as the ultraviolet rays 
attained their maximum strength at this time of the day. One set of 
experiments was done in the winter during November to January, and 
another set during the rainy season (August, September and October), 


Fic. 2. Frame improvised for the exposure of animals to filtered rays of the sun 


as it has been found by us that sunshine after a rain becomes much richer 
in ultraviolet rays. 

Guinea pigs were inoculated with 0.1 mgm. of a strain (26P human 
type from lymph node pus) of known (mild) virulence, which was pre- 
viously studied and recorded by us in a paper (15). The method of 
suspension and dosage has been noted in this paper. After a subcu- 
taneous inoculation of 0.1 mgm. of this strain into the right inguinal 


3 
; 
J 
“J 
| | 
4 
—< 8 & 


SUNLIGHT AND EXPERIMENTAL TUBERCULOSIS 453 


region, guinea pigs usually died in 52 to 78 days with a loss of weight 
from 20 to 155 gm. and showed the following regional incidence of lesions: 
right inguinal lymph node 100 per cent, left inguinal lymph node 25 per 
cent, pelvic lymph nodes 100 per cent, spleen 75 per cent, liver 50 per 
cent, tracheobronchial lymph nodes 75 per cent and lungs 50 per cent. 

Colebrook, Eidinow and Hill (8) showed that the augmented bacte- 
ricidal power of the blood after the ultraviolet ray exposure was reached 
in one to two hours and declined thereafter. We, therefore, decided to 
expose the animals to sunlight under various conditions not more than 
two hours in the day, beginning from 12 noon. 

The experiments were done under four different conditions. The same 
number of uninoculated animals were kept in separate cages, as controls 
for each set of experiments, to eliminate natural infection as a cause of 
death. The number of the animals employed in each experiment is 
given in table 1. 

Experimeni 1: (Denominated later on as group 4.) One set of animals 
(confined in wire cages) was kept in a well ventilated room in the shade, 
16 of which were inoculated and 10 uninoculated to serve as controls. 

Experiment 2: (Denominated later on as group 2.) Another set 
(confined in wire cages) was exposed to direct sunlight, 16 of which were 
inoculated and 10 uninoculated. 

Experiment 3: (Denominated later on as group 1.) A third set (con- 
fined in wire cages) was exposed to filtered rays of the sun under the 
“filter shed” described before, of which 16 were inoculated and 10 un- 
inoculated. 

Experiment 4: (Denominated later on as group 3.) A fourth batch 
of animals, consisting of 6 inoculated and an equal number of uninocu- 
lated, was kept in an open enclosure with a small shed in one corner and 
was allowed freedom of movement. This stimulated, to a great extent, 
natural conditions of free movement of the animals in open sunshine. 

The problem of dosage in ultraviolet radiation is, at present, largely an 
empirical method, as the optimum dosage for a particular animal has 
to be found out by trial and results. Exposures were, therefore, com- 
menced from 5 minutes and then gradually increased by 5 minutes every 
fourth day, until a maximum of 2 hours was reached. This was con- 
tinued until the animals died or were killed. Due consideration was 
made for interrupted periods owing to clouds obstructing the sun’s 
rays. ‘The temperature variations at the place of the experiments 
were recorded. 
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The animals were weighed every week and the loss or gain in weight 
was recorded. Those which died within three weeks of inoculation were 
not counted for purposes of comparative study. In case of any doubt 
or early death of animals, the experiments have been repeated. 

The survival period of guinea pigs exposed under different conditions 
as well as the number of animals employed in each experiment are de- 
picted graphically in graphs 1, 2, 3 and 4. 

A careful autopsy was done on animals which died or were killed and 
a search made for macroscopical tuberculous lesions at the following 
sites: site of inoculation (right inguinal region); right inguinal lymph 
node; left inguinal lymph node; pelvic lymph nodes; spleen; liver; tra- 
cheobroncheal lymph nodes and lungs. Two smears were made from 
the lesions at each site, stained by Ziehl-Neelsen stain and examined 
for tubercle bacilli, 50 fields being examined in each case before recording 
a negative result. In a majority of cases the macroscopical lesions 
showed tubercle bacilli in smears. In some cases, however, no tubercle 
bacilli could be demonstrated in macroscopical lesions. The size and 
character of the tubercles and their conglomeration in each organ were 
also noted. 

Variation of temperature at the time of experiment: It was found, in the 
initial stages of our experiments, that the guinea pigs supported heat 
badly. We had to devise, therefore, various methods for lessening the 
effects of heat, both from sunlight from above and the radiated heat from 
the earth’s surface below, one of which has been described above. 

The minimum and maximum variations of temperature during the 
period of experiments were noted every day. The interposition of the 
filter glasses helped us to reduce the temperature by only 3 degrees from 
that of direct sunlight. We could not lower the temperature any further 
and possibly this small difference might have interfered with greatly 
decisive results. One chief- difficulty we had to contend with was to 
avoid and counteract the effects of radiated heat. The room tempera- 
ture was generally 1° to 1.5°C. cooler than that obtained under the 
filters. The temperature in a corrugated tin shed, protected from 
sunlight but not from radiated heat, approached that obtained under 
the filter shed. The maximum range of temperature variation of the 
atmosphere during the period of experimentation was about 8 degrees. 

Assessing the value of the experiments: It is often difficult to assess the 
value of a technique in these experiments, as we do not yet possess any 
exact technique. But we took into consideration the following criteria: 
(1) the general health of the animals as represented by the loss or gain 
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The animals were weighed every week and the loss or gain in weight 
was recorded. Those which died within three weeks of inoculation were 
not counted for purposes of comparative study. In case of any doubt 
or early death of animals, the experiments have been repeated. 

The survival period of guinea pigs exposed under different conditions 
as well as the number of animals employed in each experiment are de- 
picted graphically in graphs 1, 2, 3 and 4. 

A careful autopsy was done on animals which died or were killed and 
a search made for macroscopical tuberculous lesions at the following 
sites: site of inoculation (right inguinal region); right inguinal lymph 
node; left inguinal lymph node; pelvic lymph nodes; spleen; liver; tra- 
cheobroncheal lymph nodes and lungs. Two smears were made from 
the lesions at each site, stained by Ziehl-Neelsen stain and examined 
for tubercle bacilli, 50 fields being examined in each case before recording 
a negative result. In a majority of cases the macroscopical lesions 
showed tubercle bacilli in smears. In some cases, however, no tubercle 
bacilli could be demonstrated in macroscopical lesions. The size and 
character of the tubercles and their conglomeration in each organ were 
also noted. 

Variation of temperature at the time of experiment: It was found, in the 
initial stages of our experiments, that the guinea pigs supported heat 
badly. We had to devise, therefore, various methods for lessening the 
effects of heat, both from sunlight from above and the radiated heat from 
the earth’s surface below, one of which has been described above. 

The minimum and maximum variations of temperature during the 
period of experiments were noted every day. The interposition of the 
filter glasses helped us to reduce the temperature by only 3 degrees from 
that of direct sunlight. We could not lower the temperature any further 
and possibly this small difference might have interfered with greatly 
decisive results. One chief- difficulty we had to contend with was to 
avoid and counteract the effects of radiated heat. The room tempera- 
ture was generally 1° to 1.5°C. cooler than that obtained under the 
filters. The temperature in a corrugated tin shed, protected from 
sunlight but not from radiated heat, approached that obtained under 
the filter shed. The maximum range of temperature variation of the 
atmosphere during the period of experimentation was about 8 degrees. 

Assessing the value of the experiments: It is often difficult to assess the 
value of a technique in these experiments, as we do not yet possess any 
exact technique. But we took into consideration the following criteria: 
(1) the general health of the animals as represented by the loss or gain 
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in weight; (2) the survival period after inoculation; (3) the number and 
extent of the lesions found on autopsy; and (4) the histological appear- 
ances indicating fibrosis or healing, which is itself a difficult matter to 
judge in these animals. 


INCIDENCE AND NATURE OF LESIONS FOUND IN THE INOCULATED ANIMALS 
Gain or loss in weight: The uninoculated animals, which were kept 


under identical conditions, showed an increase of weight by 12 to 60.9 


TABLE 2 
Distribution of tubercuious lesions in inoculated guinea pigs exposed to sunshine 


GRouP 3 
GROUP 2 

EXPOSED TO DIRECT GROUP 4 
EXPOSED TO DIRECT | coNLIGHT AND SHADE| UNEXPOSED ANIMALS 


oumran talon WITH FREEDOM OF (KEPT IN ROOM) 
MOVEMENT 


GRrouP 1 
EXPOSED TO FIL- 
TERED SUN-RAYS 


SITE OF LESIONS 


Presence of demonstrable lesions 


Inocu-| Uninocu- |Inocu-| Uninocu- 
lated lated lated lated 


per 
cent 


Pus at site of in- 
No lesion .7| No lesion No lesion No lesion 
inguinal 

lymph node No lesion No lesion .3} No lesion No lesion 
Left inguinal 
lymph node .0} No lesion .2|} No lesion .0| No lesion No lesion 
Pelvic lymph node. .0| No lesion .7| No lesion .3} No lesion .7| No lesion 
Tracheobronchial 
No lesion | 68.7} No lesion .0| No lesion | 56.2} No lesion 
No lesion | 81.2} No lesion .3| No lesion | 75.0) No lesion 
No lesion | 75.0} No lesion .6| No lesion | 56.2] No lesion 
No lesion | 75.0} No lesion -0| No lesion | 50.0) No lesion 


gm., whereas the inoculated animals suffered a loss in weight by 30.8 
to 133 gm., before they died or were killed. Those which were kept 
under conditions of freedom in open air and sunshine suffered the least 
loss in weight and the inoculated guinea pigs in this series survived much 
longer than similar ones in the remaining series. The loss of weight 
in the other groups of experiments was more or less the same, but those 
exposed through filtered rays showed a lesser amount of loss (see table 1). 

Survival period: As has been noted, the guinea pigs exposed to direct 
sunlight and fresh air in an enclosure under conditions of freedom sur- 


Inocu-| Uninocu- Inocu-| Uninocu- 
lated lated lated | lated 
per per per 
cent cent cent 
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vived longer than other groups (85.5 days). As regards the rest, the 
survival period was the lowest in the “filtered rays” group (54.4 days), 
the “direct sunlight” group coming next (57.6 days), while those kept 
in the room lived slightly longer than these two groups (64.0 days). 
Nature and distribution of lesions: The uninoculated control animals 
were killed at about the same period as the inoculated ones in the same - 
group. No lesions were found in any of the control animals. 


Average distribution of visceral lesions in the different groups. 


18.7% cp. 

75% 
Lungs. 75% 2. 
— 50% Gp 3. 


37.5% 


75% 


56-2 Vo 


437% 
e 81.2% 
Spleen. 2? 2% 


75% 


GraprH 5. Gp1 = Group 1: Exposed to filtered sun-rays, corresponding to experiment 3. 
Gp 2 = Group 2: Exposed to direct or unfiltered sun-rays, corresponding to experiment 2. 
Gp 3 = Group 3: Exposed to direct sunlight with the benefit of a shade and freedom of 
movement of the animals, corresponding to experiment 4. Gp 4 = Group 4: Unexposed to 
sunlight, that is, kept in room, corresponding to experiment 1. 


The average incidence of lesions in inoculated animals is shown in 
table 2. The right inguinal lymph nodes showed the highest incidence 
of involvement, next in order were the pelvic lymph nodes, and then the 
spleen, liver, tracheobronchial lymph nodes in order of precedence. The 
percentages given in the table are average percentages. 

On a glance through the comparative tables (tables 1 & 2), it will 
appear that the survival period of the inoculated animals exposed to 
filtered rays was the lowest and the dissemination of lesions much less 
marked in them, particularly in spleen, liver and lungs (see graph 5). 
It might be argued that, had the animals survived longer, they would 
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TABLE 3 
The time factor in the distribution of tuberculous lesions in inoculated guinea pigs exposed to sunshine 


30 DAYS AFTER INOCU- | 60 DAYS AFTER INOCU- | 90 DAYS AFTER INOCU- | 120 DAYS AFTER INOCU- | 120-160 DAYS AFTER 
LATION LATION LATION LATION INOCULATION 


Experimental groups 1 


3 3 3 
Number of animals inoculated 6 16 6 6 
2 0 


Number of animals died 6 3 


(Killed for autopsy) 


Percentage of lesions according to si 


Pus at site of inoculation 100} 100 100 |100 75 il | 100 
Right inguinal lymph node 100} 100 100 |100 | 100 100 
Left inguinal lymph node. ....... i il} 60} 40 33.3) 16.6) nil il |. .3} nil 
Pelvic lymph node ‘ 100} 80 100 | 50 | 100 .6} 100 
Tracheobronchial lymph node. . . . i 60 66.6; 50 | 100 nil 
60} nil | 66.6) 16.6) 50 nil 
20| nil | 50 | 16.6) 75 .6| nil 
20) nil | 16.6) 16.6) 50 i .6} nil 
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Group 1—Exposed to filtered sun-rays. Group 2—Exposed to direct sunlight in cages. Group 3—Exposed to direct sunlight and shade, 
with freedom of movement of animals. Group 4—Unexposed to sunlight or kept in room. 
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have shown more extensive lesions. But there were 7 animals in the 
group which survived from 75 to 160 days. They showed on autopsy 
the following incidence of lesions: 


Tubercle positive lesions 


Pus at site of inoculation 100 per cent 

Right inguinal lymph node 100 per cent 

Left inguinal lymph node nil 

Pelvic lymph nodes 57.1 per cent 

Tracheobronchial lymph nodes 28.5 per cent 
nil 


The dissemination of lesions was the most extensive among the animals 
exposed to direct sunlight. 

We have also tried to analyze the time factor in the distribution of 
the lesions in exposed guinea pigs. On an examination of table 3, it will 
appear that the visceral distribution in spleen, liver and lungs in animals 
of the “filtered rays” group becomes progressively lower until after a 
period of 120 days they have not showed any lesions. The animals under 
direct sunlight and shade with freedom of movement came next. 


HISTOLOGICAL APPEARANCES 


An attempt was made to compare the histological appearances of 
lesions in the autopsied animals. No convincing evidence of fibrosis 
or retrogression could be noticed in the lesions. 

Experiments with shaved guinea pigs: In order to see whether shaved 
animals behaved in a different way, we repeated the experiments with 
animals which were kept depilated with a depilatory made up of equal 
parts of barium sulphide and flour. The results of the experiments were 
practically identical with those carried out with unshaved animals. 
No difference in histological appearances of the lesions was noticed in 
this group. No pigmentation of the skin was noticed in these animals 
after exposures. 

DISCUSSION 


It will be noticed that we conducted our experiments on guinea pigs 
of average weight and under different conditions of exposure to solar 
rays. One thing we were not at all satisfied about was the small differ- 
ence in temperature that could be effected by interposing the filter 
glasses which, in the laboratory, cut off the heat rays almost entirely. 
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The increased temperature on the stand, therefore, must be accounted 
for by radiated heat from the earth’s surface which, however, we tried to 
reduce by devising various techniques. We know that the action of the 
sun’s rays is modified by the position of the sun in the horizon, the pres- 
ence of suspended particles of dust and moisture, the amount of light 
reflected from the earth and the altitude. The heating of the air near 
the earth’s surface is due more to radiation from the earth’s surface 
than from solar radiation alone. This terrestrial radiation and convec- 
tion accounted for the small difference of temperature after filtration. 
The choice of Calcutta, where the altitude, dust, smoke and other factors 
acted as handicaps, was, however, not ideal but for obvious reasons the 
initial experiments had to be conducted here. Although the experiments 
were repeated in different seasons owing to the variation in the ultra- 
violet content of solar radiation, there are various other factors which 
have to be considered in indicating facts with exactitude, for example 
the short-wave sky radiation, the long-wave heat radiation from the sky, 
the presence of clouds and the reflection of the earth’s surface. The 
ultraviolet rays come from the skyshine, from the blue sky and white 
clouds as well as directly from the sun. Dorno (16) noted at Davos that 
the greatest ultraviolet intensity occurred on days that approached cioud 
formation or when the sky was lightly covered rather than perfectly 
clear. The diffuse daylight is relatively rich in ultraviolet rays which 
have such a stimulating effect on plants, animals and human beings. An 
increase in water vapor content of the atmosphere causes a great decrease 
in intensity of ultraviolet radiation. The variation in the intensity of 
the heat radiation is less marked than that of ultraviolet radiation 
according to season. 

As has been shown by one of us (A. C. U.), in this country the short 
wave-lengths are most abundant in sunlight from noon to 2 p.m. 
but the high temperature of the atmosphere at this time makes it in- 
tolerable for the application of sun exposures. We have noticed the 
detrimental effects of heat in exposed guinea pigs repeatedly. The 
cooling of the atmosphere by moving fresh air is essential in stimulating 
metabolism and in aiding the beneficial action of ultraviolet rays. This 
idea prompted us to have a fan at the place of experiment. 

There is considerable divergence of opinion as regards the conclusions 
to be drawn from animal experiments done by various workers. Mayer 
and Dworski (3) thought that ultraviolet rays definitely influenced the 
healing of corneal tubercles in rabbit’s eyes. In another series of experi- 
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ments on the effects of radiation on guinea pigs inoculated with tuber- 
culous sputum they found (17) that the exposed group showed very 
little gross tuberculosis, whereas the control group showed marked 
cachexia. We are not in a position to declare so boldly as regards the 
results of our experiments. It should not be forgotten that most of the 
experimenters in western countries have carried out their experiments. 
with artificial sunlight. Apart from other considerations, the chief 
difficulty to be confronted in animal experiments of this nature is the 
elimination of heat rays and the bathing of the skin by cool fresh air. 
Where this happens in nature, the beneficial action of sunlight is obtained 
in animals. This is a matter of great difficulty in a tropical country. 
For therapeutic application in tuberculosis, the various other factors 
which influence ultraviolet radiation and which may excite excessive 
stimulation have to be studied as well. The facts observed by us and 
the excellent results obtained by Rollier in the treatment of nonpul- 
monary tuberculosis in the Swiss Alps call for a rational explanation and 
experimental proof. However, it must be admitted that convincing 
experimental proof is still lacking. 

In trying to analyze the results of our experiments, we find that the 
loss of weight of animals confined in cages was higher and their survival 
period lower than the animals enjoying freedom of movement in fresh 
air. The mortality rate of animals employed in these experiments has 
been somewhat erratic owing to an outbreak of mortality among animals 
confined in cages in the animal room from an undiagnosed cause for 
some time. This compelled us to repeat the experiments three times. 
We are not, therefore, inclined to put a great stress on the survival 
period. If we put a greater stress on the extent and character of lesions 
at different periods up to and beyond 120 days, we find that the animals 
exposed to “filtered” rays have shown greater resistance to the evolution 
and extension of lesions in the viscera than the other groups. The 
survival period of animals which were allowed freedom of movement in 
fresh air and sunshine was the longest, but they showed a more extensive 
distribution of visceral lesions. The latter group fared better than 
those exposed to unfiltered sun-rays but confined in cages, probably 
because the intensity of the sun-rays was reduced by cool fresh air 
in motion. 

We admit that we have employed a comparatively small number of 
animals for statistical purposes,‘although the number experimented upon 
required laborious examinations and controls. Perhaps, even with the 
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same number of animals, we would have obtained better results if the 
experiments were carried out in a place where the radiated heat from the 
earth’s surface could be substantially eliminated. It appears to us 
that if we are to utilize the solar radiation for therapeutic purposes in 
this country, we must counteract the effects of heat radiation, both from 
above as well as from the earth’s surface, as the infrared rays have been 
found to be distinctly injurious to tuberculous animals. In order to 
see whether altitude gives us any advantage or makes any difference, 
the experiments should be repeated somewhere in the hills in a dust-free 
atmosphere. The diurnal and seasonal variations must also be noted 
with a view to determine the most suitable hour during a particular 
season for preventive and therapeutic applications in man and to ascer- 
tain the optimum beneficial dosage in different clinical conditions. The 
most important problem will, however, be the elimination of the detri- 
mental effect of the heat rays. Whether this will be possible by con- 
structing solaria or by improvising tree bushes as effective filters is a 
matter for future study. 
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THE INCIDENCE OF EXTRAPULMONARY PRIMARY 
TUBERCULOSIS' 


HENRY C. SWEANY anp WILLIAM L. M. MARTINSEN 


On perusing the literature, one finds considerable differences in the 
reported incidence of extrapulmonary primary tuberculous infections. 
Lange (1) in Leipzig (1929) found 27.95 per cent extrapulmonary pri- 
maries, of which 26.80 per cent were abdominal and 1.15 per cent were 
in the pharyngeal region. Beitzke (2) found 4 per cent abdominal 
primaries in Gratz, but 15 per cent in Diisseldorf and 16 per cent in 
Berlin. Schiirmann (3) found 11.93 per cent in Dresden; Pagel (4) 
9.34 per cent in Berlin; Engel (5) 14 per cent in Dortmund; but Ghon 
and Winternitz (6), in a series of 606 autopsies in Prague, reported only 
1.85 per cent. In America, Ophiils (7) found 6 per cent, and Klotz (8) 
8.1 per cent in 477 autopsies. Of great interest is the work of Opie (9), 
who found 27 per cent in 66 British soldiers but none in 50 autopsies in 
St. Louis. One is lead to suspect that in modern communities all ab- 
dominal lesions over 10 per cent (perhaps less) are of bovine origin. 
One of the most important studies bearing on this question is the work 
of Blacklock (10) who found, in a series of 283 autopsies on tuberculous 
children of Glasgow, that 101 (35.7 per cent) were abdominal primary 
infections. In trying to arrive at an explanation of this high incidence, 
he cites the work of Wright who found 2.5 per cent of the milk samples 
of Glasgow to be contaminated with bovine bacilli, although 80 to 90 
per cent of it was pasteurized. This seems to be comparable to other 
Scotch cities, as well as to the condition in many parts of England, as 
reported by Griffith (11). Blacklock found 81.8 per cent of the ab- 
dominal lesions in his series to contain bovine bacilli. By calculation 
it is found that bovine infections are present in 29.2 per cent, leaving 
only 6.5 per cent of the abdominal lesions caused by the human tubercle 
bacillus, a figure comparable to those of other localities where the bovine 
infection is better controlled. 

Second in importance to the intestinal primaries is infection in the 


1 From the Research Laboratories of the City of Chicago Municipal Tuberculosis Sani- 
tarium, Chicago, Illinois. 
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pharyngeal region, principally in the tonsils. Blacklock reported 2.1 
per cent cervical; Lange 1.15 per cent; and Ghon 0.54 per cent, mostly 
in small children. Schlittler (12) reported the clinical course of three 
apparently primary tuberculous infections of the pharyngeal region 
and cites the work of Rossner with 1.01 per cent, Worms and LeMee 
3'to 5 per cent, Lundt 10 per cent, and Auffrecht 12.75 per cent. Here - 
again there seems to be a considerable difference, but it does not seem, 
in this instance, that the bovine bacillus can be so much involved because 
Blacklock, with a high reported incidence of bovine infection, has a 
nominal incidence of cervical infections in his terminal cases, although 
a higher incidence in his surgical material. The disease here may be 
caused to vary more because of the mode of living, habits, etc. where 
there is a difference in the dosage of germs permitted to get into the 
mouths of the young. The report of Schiirmann (13) on the Liibeck 
disaster is of interest in this connection where the massive doses of 
virulent bacilli were unintentionally given to infants as BCG. The 
bowel was involved in 98.3 per cent, the neck region in 78.3 per cent, 
the stomach and oesophagus in 18.3 per cent, and the lung in 18.3 per 
cent. As the dosage increases these extrapulmonary portals seem to be 
more frequently involved. The lesions were mostly characterized by 
local ulcers instead of nodules. It was, furthermore, of great interest 
to note that one nurse-maid testified at the trial that she held the noses 
of eight infants until they swallowed the germs. Of these eight, six 
had pulmonary primaries. This unfortunate incident, therefore, turned 
out to be an experiment of interest, because we see a possible cause of 
many lug infections by aspiration. 

The other localizations of extrapulmonary primary tuberculosis are 
usually rare, but occasionally important. Many bona fide cases of 
primary tuberculosis of the conjunctiva are reported. Samuelson (15) 
cites three cases in 181,000, or about one in 60,000. Other authors 
report a higher incidence ranging down to one in a few thousand cases. 
Bergstrand (16), Blegvad (17), and others report genuine primary eye 
infections. There is usually the history of an ulcer on the conjunctiva 
with a gradual swelling of the lymph nodes at the angle of the jaw, and 
later an extension to the cervical lymph nodes. The tuberculin reaction 
has been reported to turn positive during these changes. 

The internal ear is likewise mentioned, as well as the nasal cavity. 
Dreyfus (18) reports a case of bilateral middle ear infection that is 
explained by aspiration of tubercle bacilli at birth. 
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A more important organ is the skin, of which there are many authentic 
reports. Bruusgaard (19) reports ten cases in all, and laid a basis for 
the diagnosis of the disease. Magalhaes (20) collected 112 cases and 
also gives a recent and complete bibliography. Akerberg (21) reports 
two genuine cases, one from a cut on the heel, the other from the socket 
of an extracted tooth. A great many infections are acquired through 
ritual circumcision, as reported by Fischel in a series of 69 collected 
cases, to mention only one of the most complete reports. Primary 
tuberculosis of the genital tract although not frequent is also possible. 
These uncommon localizations are important in the present work in 
helping to explain certain ‘‘cryptic’”’ types of primary infections. 

Besides these localizations, the pleura must be thought of as a site 
for primary tuberculosis. A report has been made by Courcoux and 
Alibert (22) outlining the clinical and biological features. We have 
found several calcified residues in the pleura (some in the parietal pleura) 
that have characteristics of primary lesions. It is admitted that such 
lesions must emanate from the lungs and bronchi, but some are entirely 
pleural and are the oldest lesions in the body. 

In addition to the primary pleural foci, we have been struck by the 
differences between our findings and those of various other workers. 
We decided to analyze carefully more than a hundred cases to see whether 
an infection percentage of the important regions of the body could be 
established for this community as well as to attempt to reconcile the 
differences or explain the findings of other authors. Furthermore, we 
hope to build a standard by which we can analyze better the larger 
series of our autopsies. 


METHODS 


In addition to a postmortem roentgenogram of the lung, the neck 
region in many, and all the viscera were X-rayed, and the calcifications 
were studied. The important ones were removed, decalcified and 
sectioned. 

The histories of four type cases will be given to illustrate some of the 
principal forms. These cases are also illustrated. 


Case 1: K. H., no. 41971 (A905), a 60 year old colored woman, was born in 
Arkansas and came from there to Chicago twenty-eight years before her 
death. She was on relief the last four years. Her past diseases included 
malaria at 16 years of age; a removal of her right kidney at 37; influenza at 
42; radium treatments in a Chicago hospital for pulmonary cancer at 56, and 
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Antemortem X-ray of patient K. H. (no. 41971) revealing a large primary complex in the right base 


haematogenous spread to the spleen (b). 


Fig. 2. Copy of postmortem X-ray of spleen revealing the tubercles shown in fig. 1 (b). 


EXTRAPULMONARY PRIMARY TUBERCULOSIS 469 


off and on until her admission to the Municipal Tuberculosis Sanitarium on 
April 16, 1936. Death occurred thirteen days later. 

The onset of her disease was four years before death, with cough. A 
roentgenogram revealed what was said to be pulmonary cancer for which 
she was treated with radium several times during the fall of 1932 and again 
in 1933, 1934 and 1935. 

On admission the patient was very ill and revealed physical signs compati- 
ble with the roentgenogram shown in figure i. The most interesting feature 
here is an old calcified nodular tuberculous dissemination in the spleen. 

The laboratory findings revealed tubercle bacilli in the sputum, a blood 
sedimentation (Cutler) of 8 mm. in fifteen minutes and 14 in thirty minutes, 
a marked secondary anaemia, a marked polymorphonuclear leucocytosis 
with a moderate shift to the left. The total lymphocytic and monocytic cells 
were only 8 per cent. 

The essential features of the pathological findings were chiefly in the lungs. 
There was a large primary calcification in the right border of the right lower 
lobe and a large mass of calcification in the bronchopulmonary nodes toward 
the hilum. There were also several calcifications in the left lung and some 
lymph node involvement toward the hilum. All of these were rather old. 
The whole left upper lobe was made up of a fibroid mass containing a shrunken 
cavity. The lower lobe was a compact atelectatic lung undergoing carnifi- 
cation. There was a recent tuberculous spread throughout the whole right 
lung, particularly in the upper lobe. 

On microscopical examination, one calcified tubercle beneath the pleura 
had a rather dense, markedly eroded capsule, marked resorption (25 per cent), 
bone formation around the circumference, and lymphoid tissue replacement. 

The spleen was found to contain eighteen distinct densely calcified tubercles 
of a great age; the right ovary contained a similar tubercle. There was no 
bone in either. There were a few 1 mm. ulcers in the caecum and enlarged 
lymph nodes of 3 cm. diameter-in the mesenteric nodes. 

All other findings were essentially normal or of no importance. 


Comment: This case reveals a haematogenous spread in the spleen, 
probably from the large multiple primary in the lung. 


Case 2: J. A. W., no. 42301 (A931), a 60 year old American, was born in 
Chicago where he lived all his life. His father died of tuberculosis one year 
before his own death at the age of 78 years. The patient’s past diseases 
included a pleurisy on the right side, at the age of ten, for which he had a 
rib resection. He was subject to frequent colds and claimed never to have 
felt well. The onset was indefinite. There were no essential findings other 
than a far advanced pulmonary tuberculosis. The clinical findings were in 
keeping with the roentgenological and pathological findings. 
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The laboratory findings revealed a positive sputum, a mild secondary 
anaemia, a mild polymorphonuclear leucocytosis with a slight shift to the 
left. The sedimentation was 9 and 23 mm. in fifteen and thirty minutes 
respectively. All else was essentially negative. 

On the postmortem X-ray could be seen several calcified and perhaps 
ossified tubercles beneath the pleura on the left anterior margin. On section 
there were found very old bronchiectatic cavities in both upper lobes of a 
typical tuberculous nature, with blue-gray fibrous tissue around the markedly 
dilated bronchi; confluent acinous-nodose tubercles were present in the mid- 
fields within emphysematous parenchyma. At the bases was a diminishing 
amount of acinous-nodose tuberculosis that cleared and left a moderate 
amount of emphysema. 

A microscopical section showed bronchiectasis with more recent tubercles 
in the carnified lung between the bronchi. Another one showed an old 
fibro-osteoid pleuritis. There was a large calcified mass in the lymph nodes 
of the mesentery. 

Another microscopical section from a mesenteric lymph node revealed a 
dense calcified mass, broken up into many islands. The capsule was markedly 
eroded and cut, and there was fibro-osteoid tissue but no bone. There were 
numerous irregular nodular calcifications in the spleen from 1 to 4 mm. in 
diameter. They were quite ‘‘old” in microscopical appearance. There was a 
dense calcified centre with marked erosions between the capsule and core. 
The calcification had penetrated with a ‘‘water-marked” pattern about 
three quarters of the way to the outside of the hyaline capsule. There was 
an invasion of the centre at one point by fibroblasts and capillaries, but there 
was no bone. 

Other findings revealed ulcers on the epiglottis and vocal cords, a few fresh 
miliary tubercles in the kidneys, two healed peptic ulcers on the pylorus, 
three small diverticulae in the duodenum, a small 6 mm. pedunculated polyp 
in the ascending colon. 


Comment; There seems to have been a primary tuberculosis of the 
bowel with metastasis to- the mesenteric lymph nodes and ultimately 
back to the lung, and then a haematogenous dissemination, as shown 
in the spleen. 


Case 3: C. S., no. 41464 (A959), a 37 year old Bohemian-American, came 
here from Bohemia at 16 years of age. Her mother died of pneumonia (?) 
about thirty-three years before the patient’s death. A sister of the patient 
died of pneumonia (?) “many years ago.” She had three sisters and one 
brother living and well, and four brothers who were killed in the war. All 
her grandparents lived to be very old. She had been a nurse-maid since 
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coming to America. The last ten years she spent caring for the children of 
a surgeon. 

She had measles during childhood, but no other complaint until recently. 
She developed “rheumatism” five years before death. 

The onset was with right-sided pleurisy two years before death, followed 
by cough, fever and tiredness. The first physician who examined her made 
a diagnosis of whooping-cough. He later suspected tuberculosis and sent 
her to the dispensary where a roentgenogram revealed tuberculosis. 

Physical examination by Doctor Collins revealed a thin woman in fair 
general condition. The patient was lame in the right leg from “rheumatism,”’ 
and there was a slight curvature of the back. 

Chest examination: The clavicular spaces on both sides were retracted, 
more so on the left. There was definite dulness on the left side and a few 
moist rales were heard on inspiration in the upper half. On the left side the 
breath-sounds were diminished and many moist rales were heard throughout. 
Diagnosis: pulmonary tuberculosis, F. A. B., bilateral. 

The roentgenogram revealed masses of calcification, the largest of which 
appeared in stereogram to be under the left pectoral muscles. There were 
also calcifications in the left axilla and left cervical nodes and many within 
the lung and bronchial lymphatics, as shown in the postmortem roentgenogram. 

The postmortem findings in the lungs were as follows: There were a dozen 
or more primary-like lesions in the lung with the largest parenchymal lesion 
in the left apex, and calcified nodes around the left hilum and to the left of 
the trachea. There was a fibroid cavity in the left apex and a large cavity 
in the apex of the left lower lobe. The base was consolidated and was begin- 
ning to form into small cavities. 

The right lung revealed several rather large calcifications beneath the 
pleura and smaller ones in the bronchopulmonary nodes. These tubercles 
appeared softer and of a younger age than those on the left side. The middle 
lobe was markedly contracted and contained two cavities about 3 cm. across. 
There was an extensive recent spread from this into the upper lobe, and the 
lower lobe had a dry, clearing type of process with acinous-nodose lesions 
extending to the pleura on ail sides. 

There was a huge calcification in the periportal nodes, measuring 2 x 3 cm. 
There were smaller calcifications in the mesenteric lymph nodes, liver and 
spleen. There was a large cluster of calcifications in the left cervical nodes, 
left axillary, and along the pectoral muscle on the left side (the latter was 
about 5 cm. across). 

Other less important features were left adhesive pleuritis; ulcerations of 
the larynx and trachea; severe tuberculous ulcerations of the jejunum, ileum, 
caecum, colon, appendix and rectum; slight nodose goitre; brown atrophy of 
the liver and myocardium; and slight atheromatosis of the aorta and coronary 
arteries. 
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A view of the mesentery and organs showing the tubercles in the liver. 


Fig. 12. 
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On microscopical examination a large calcified tubercle at the left hilum 
revealed dense central calcification and calcification of about half the capsule. 
There were several deep lacunae between the capsule and the calcification 
with bone and marrow formation. There was a partial resorption of the 
capsule in places, leaving only thin reticular-like fibres. New capillaries 
could be seen penetrating from without. Of the many other calcified tuber- 
cles most of them revealed a character similar in most respects to the one 
described, but none other contained bone. Most of these were thought to 
be over twenty-five years of age. There were some calcifications (particularly 
in the right upper lobe) that were definitely of younger age, having less dense 
calcification, less erosion of the capsule, and showed little replacement. Still 
others were quite recent with very little calcification. 


Comment: It is suggested that this patient had an overwhelming 
triple primary lesion twenty or more years ago, with a slowly endo- 
lymphatic and haematogenous spread until the disease became an ulcera- 
tive pulmonary process. There is a question whether her “rheumatism” 
was not a joint tuberculosis, although the joints were not examined. 


Case 4: E. C., no. 42335 (A986), was a 23 year old American of Bohemian 
ancestry. She finished the eighth grade in school, then, for three years, she 
was a nurse-maid, and for four years she was a machine operator in a corset 
factory. There is no history of tuberculosis. She had measles, mumps and 
whooping-cough in childhood. 

The onset was with a left-sided pleurisy three years before death. No 
bacilli were found in the fluid, so she was allowed to go back to work. She 
began to cough nine months before death, and her doctor diagnosed “bron- 
chitis and pleural pneumonia” and gave her “electric and sun-lamp treat- 
ments.’’ Six months before her death another doctor found tubercle bacilli 
in her sputum. 

On admission to the Sanitarium she was too far advanced for any treat- 
ment. The physical findings were those of a far advanced ‘‘C”’ tuberculosis, 
more extensive on the right: The laboratory findings were negative except 
for a 10 and 26 mm. sedimentation in fifteen and thirty minutes, respec- 
tively; a marked polymorphonuclear leucocytosis with a moderate shift to 
the left. 

The pathological findings were as follows: There were a few tiny calcifi- 
cations in the wall of the oldest cavity in the right upper lobe of the lung, 
and no others in the body, except in the liver. The oldest fibroulcerative 
process was in the right upper lobe with a decreasing age all the way to the 
base. There was a spread to the opposite side, but it was a more typical 
confluent acinous-nodose type. 
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There was amyloid in the spleen, enlarged mesenteric lymph nodes with a 
few caseous tubercles, a caseous tuberculous salpingitis and ulcerative endo- 
metritis. There were ulcers along the gastrointestinal tract from the jejunum 
to the rectum. 

The postmortem roentgenogram revealed a large calcified tubercle in the 
liver as the only primary-like calcification in the body. One part is shown 
in figure 11. There was a densely calcified centre with the tissue framework 
still intact (note blood vessels); there was a marked encroachment of the 
calcification into the capsule, cutting almost through it in several places. 
The capsule was dense in places and was made up of a thick layer of broad 
banded collagenous fibres. Very early bone was present (see figure 13). 
The age of this tubercle is estimated around ten to twelve years. 


Comment: This is what we have termed a “cryptic” primary. There 
was no local lesion found anywhere. It may have been somewhere in 
the head region or some other unusual portal of entry. (Figures 9, 10, 
11, 12 and 13 illustrate this type.) 


In table 1 the calcifications observed in 115 autopsies are listed accord- 
ing to number and approximate size. The latter was adjudged after 
the method of Opie and Anderson (23). (Figures 1, 4, 6, 7, 8 and 10.) 

In table 2 are listed 7 primary lesions having two or more portals 
of entry (5.3 per cent). (See figures 6, 7 and 8.) In addition there 
were 10 other small calcifications in the mesentery that could not be 
definitely determined. Because of the high incidence of haematogenous 
spread to the spleen or liver, the possibility of a haematogenous spread 
must be admitted. They may also have been secondary to an earlier 
infection, or nonspecific, because they were too small to section and 
were, therefore, not comparable in age or in character to the main 
primary. ‘There were seven cases in which no calcifications were found 
(5.3 per cent), and three (2.3 per cent) in which the calcifications were 
not at all typical, although the oldest lesions. These three were left in 
an undertermined group. 

Counting all the cervical primary lesions in the 61 cases, there were 
four, making 6.6 per cent of all studied. There was only one localization 
in the cervicals alone (1.6 per cent). In order to check better this 
figure, 49 patients were roentgenographed routinely on entering the 
Sanitarium by Miss Johnson (for which we extend our sincere thanks), and 
only one of these revealed a definite primary calcification, 2.1 per cent. 
There was another doubtful lymph node involvement whose age appeared 
younger than a calcification in the lungs; but it may have been a double 
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process. There were 10 others showing enlarged nodes or slight calcifica- 
tions of a questionable nature, all of which were thought to be secondary. 
Disregarding the one doubtful cervical process, and counting all the 
definite cervical primaries, it makes an average of 4.5 per cent for all, 
and 1.8 per cent for primaries in the neck region alone. These would 
include the lymph node components of all head and neck primary in- © 


TABLE 1 
Localization of primary calcified tuberculous foci in 115 cases, out of a series of 132 


APPROXIMATE SIZE 
TOTAL 


CASES 


++ | +++ 


3 97 (73.5%) 
11 ( 8.3%) 
1( 1.6%) 
3 ( 2.3%) 
3 ( 2.3%) 


* Based on 61 cases. 
** “Cryptic’’ designates primary-like lesions in the liver or periportal lymph nodes without 
any other calcified foci in the body. 


TABLE 2 
Primary tuberculosis with multiple portal of entry (7 cases out of 132) 


APPROXIMATE SIZE 


++ | +++ 
1 0 


fections in 61 cadavers and 49 living patients, most of which were of 
tonsillar origin. 

Table 3 reveals the relation of size of the lesion to haematogenous 
spread. This relationship is not as close as the figures would indicate. 
Although the ones of one-plus size had haematogenous spread in only 
15.5 per cent and all the larger sizes in over 30 per cent, there was little 
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difference between the two-plus and four-plus, with the three-plus 
showing a much higher incidence than the other two. 

Table 4 reveals the incidence of haematogenous foci in the spleen 
and liver. The other organs were not included because in the first place 
such calcifications are rare, and second it is difficult to tell primary 
nodules in the kidney from secondary or urate kidney stones. In this 
series it was doubtful if there were more than two kidneys that revealed 
calcified haematogenous components of a primary process, although 


TABLE 3 
Relation of haematogenous spread to size of lesions including all portals and the largest lesion 
of each (119 cases) 


HAEMATOGENOUS DISSEMI- 
NATION 


13 5 
20 11 
41 14 
45 7 


37 


TABLE 4 
Haematogenous spread in spleens and livers of all 132 cases including “cryptic’’ and 


Spleen alone 14 10.6% 
Liver alone 13 10.0% 
13 10.0% 


40 30.6% 


there were many that revealed calcifications of a nonspecific nature. 
As a rule, the liver lesions were fewer in number and larger than those 
in the spleen. 


DISCUSSION 


It would perhaps be nearly correct to say that about one-third of all 
patients who die of progressive pulmonary tuberculosis have calcified 
residues of primary tubercles in the various organs, mostly in the lung, 
spleen and liver. So far as we can see now, it may very well apply also 
to all primary lesions whether they die of tuberculosis or not, providing 
the infection was severe enough to produce lesions of the size we have 
reported. What has been observed in the spleen and liver also must 


sue | Pen CENT 
4 | 37.8 
3+ 55.0 
2+ 30.5 
i+ 15.5 
119 31.1 
doubtful cases 
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occur in the bones, joints, lymph nodes, brain, adrenals, epididymes, 
kidney and elsewhere to a lesser degree. These various foci at one time 
or another no doubt form the basis of the extrapulmonary exacerbations 
of the disease of these various organs and tissues. All organs receive 
bacilli at one time or another but not many form calcifications. 

Another observation from which we may profit is that in communities 
free from bovine bacilli the percentage of gastrointestinal primary 
tuberculosis may be considered to be around 10 per cent. The average 
given by gross pathological studies is somewhere around 6 per cent. 
Jaffé (24) is of the opinion that 10 per cent is the upper limit. We agree 
with this so far as gross findings are concerned, in places relatively free 
from bovine infection. Even so, by the use of the X-ray, lesions are 
found that, although small, are typical of tuberculosis and can very well 
cause the systemic effects of primary lesions, such as the allergic and 
immunological changes. With the use of the X-ray we should say 
that the incidence of abdominal primary infection will be found to be 
about 12 per cent and that any true lesions over 15 per cent are probably 
due to the bovine bacillus. With a more refined method of study some 
of the lesions now considered nonspecific may be found to be tuberculous, 
and thus further augment the figures of incidence. 

The problem of abdominal infection seems to be largely one of dosage 
of the bacilli coming in contact with the mucosa. No doubt many 
more bacilli pass down the gastrointestinal tract than get into thelungs. 

So large is the dosage in the intestinal infections that they frequently 
become generalized. We have found many cases in our main series 
where generalization resulted from an abdominal primary. A good 
example is shown in figures 3,4 and 5. A comparison with generaliza- 
tions in pulmonary primaries has not been made, but from our observa- 
tions they are as frequent or more frequent. Pagel (4) reported two 
generalizations out of fourteen (15.3 per cent) cases of abdominal primary 
tuberculosis. Blacklock’s series with a higher bovine incidence had 
13.8 per cent (14 of 101 cases). There is little doubt that much smaller 
doses are required for the lung than for the lymph nodes of the mes- 
entery, but the few bacilli that are inhaled or aspirated into the lungs 
usually grow because of a better soil in which to grow as shown by Corper 
and Lurie (14). Because of this the incidence of generalization from the 
lungs may be less in proportion than in the intestine. 

A word may be said about the reason why the bovine bacilli do not 
affect the cervical region more frequently. The infected milk would 
tend to pass over the tonsils with little contact, but in the intestines 
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it is concentrated and absorbed so that most of the bacilli come in contact 
with the mucosa. 

The high incidence of Blacklock’s and others for surgical material 
need not alter this premise because the surgical specimens represent 
a highly selected group. 

The question of aspiration as a mode of entry of tubercle bacilli has 
been greatly supported by the report on the eight Liibeck infants that 
were forcibly fed the “vaccine” of virulent bacilli. The mouth of 
contacts undoubtedly contains tubercle bacilli that may be aspirated by 
any slight choking or strangling that occurs almost daily in the life of 
every child. The epiglottis is only protection against large food particles 
under proper working conditions and not even that during a slight fit of 
strangling. Certainly it is not a bacterial filter. 

The Liibeck work also reveals the possibilities of a multiple portal 
of entry, because there were only 18.3 per cent of the cases having a 
single portal of entry. This may be contrasted with Schiirmann’s 
large series from a general hospital where only 2.8 per cent had multiple 
primaries. If the dosage is large there seems to be every reason for 
bacilli to enter at several points simultaneously and each produce a 
typical primary complex. In our group there were seven (5.3 per cent) 
such cases. One may progress faster than the others and outgrow them, 
but in at least seven cases we felt there was justification for assuming 
a multiple portal of entry. It is our opinion that this figure may be 
actually higher because there are many smaller lesions that no doubt 
became extinct or were so small that we consider them “secondary” 
or nonspecific. 

We have also pointed out the localization of primary lesions in the 
pleura. Some may be entirely within the pleura. If the original 
aspiration lodges in the last 2 mm. under the pleura, it will spread, 
according to Miller (25), toward the pleura. It is easily seen how such 
a seeding may form a lesion that projects into the pleural cavity. Con- 
tact with the parietal pleura may also transfer the lesion to the opposite 
wall where occasionally there will develop a larger focus than at the 
original site. On one occasion we have seen such a lesion on the parietal 
wall following a pneumothorax. 


SUMMARY 


1. A study of 132 autopsies is reported in which calcified foci were 
studied in order to determine the percentage occurrence of each portal 
of entry in this community. 
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2. There were 73.5 per cent primary infections involving only the 
lungs and hilar lymph nodes. There were 79 per cent when we add the 
cases having multiple portals of entry. 

3. There were 8.3 per cent isolated gastrointestinal infections and 
12.9 per cent if we add the cases having multiple portals of entry. 

4. There were 1.8 per cent isolated cervical or “head” primaries which 
amounts to 4.5 per cent when the cases are added having multiple 
portals of entry.” 

5. There were three cases (2.3 per cent) “pleural’’ primaries; three 
cases (2.3 per cent) “cryptic” lesions in the liver or lymph nodes with 
no demonstrable local lesion; three doubtful cases (2.3 per cent) and 
seven (5.3 per cent) in which no calcifications were found. (In 71 cases 
no neck X-rays were made.) 

6. There were 30.6 per cent of the cases showing primary haematog- 
enous calcifications in the liver and spleen. 
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STUDIES ON THE RETROGRESSIVE CHANGES OF 
TUBERCLES'! 


HENRY C. SWEANY, ALMA E. TILLOTSON anp VINCENT KOZIELEK 


The tubercle is one of the best known of pathological phenomena. 
Because it is a distinct macroscopical unit, the earlier writers were 
able to observe and describe it with considerable accuracy. Perhaps it 
was Morgagni (1) who observed it first as an entity. Later Bayle (2) 
and Laennec (3) described its gross appearance, the latter first recog- 
nizing the unity of all types. After the microscope was brought into 
use, Virchow (4), Rokitansky (5), Koester (6), Langhans (7), and Baum- 
garten (8), to name only a few, contributed much to the knowledge of 
its early evolution. Up to 1898 the literature was already quite exten- 
sive, as demonstrated by a report of Hektoen (9) in citing a review by 
Marchand in 1883 where there were forty-five previous publications 
alone on giant cells in general. After the turn of the century the accu- 
mulation continued, particularly since the introduction of vital staining 
methods by Sabin and her school (10); slide culture methods by Maxi- 
mow and his school (11); and by the use of many other combinations 
of stains and culture methods by Foot (12), Miller (13), and others. 

However, there is not so much known or written about the encap- 
sulated tubercle. A “healed tubercle” to many, including perhaps 
some pathologists, seems to mean a nodule with a heavy fibrous wall 
and a caseous or calcified centre that has varying degrees of dryness 
and hardness. In general, the hardness is related to age, but even this 
is vague. Especially since the X-ray has been developed, calcified 
tubercles have entered into the diagnostic terminology of roentgen- 
ologists. To many of the latter group, any form of calcification of 
a tubercle that casts a dense X-ray shadow signifies and frequently has 
been called a “healed” tubercle or, equally indefinite, a ‘‘Ghon focus.” 
This is unfortunate, for this term may be applied to tubercles of one 
year or fifty years of age. ‘“‘Healed”’ rightly should only be applied to 
very old tubercles in which the bacilli are dead. 

1 From the Research Laboratories of the City of Chicago Municipal Tuberculosis Sani- 
tarium, Chicago, Illinois. 
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Even with complete extinction of the bacilli the changes continue 
in the remaining calcified derelicts consisting of encapsulated, caseous, 
calcified and ossified tissue. In fact, there is a constant change as the 
tubercle ages, apparently with the ultimate objective on the part of the 
body of total removal of the remnants. 

So regular are some changes that they may be used, with certain 
restrictions, as age criteria. For instance, the early “monocytic” or 
epithelioid capsule develops as a general rule from about nine months to 
two years and then undergoes retrogression for a year or two while the 
fibres around the outside are forming into the heavy “specific” capsule 
of Aschoff (14). This “specific” capsule thickens both in depth and 
in the breadth of the fibres for another two to three years when it begins 
to disintegrate. Aschoff (14), Ranke (15), Pagel (16), Huebschmann 
(17), and others have described rather well this stage of tubercle forma- 
tion. The maximum development of the capsule is achieved in about 
seven years, after which disintegration in the manner of lysis, resorption 
and bone formation occurs. This latter change has been studied by 
Beusen (18), Poscharissky (19), Puhl (20), Huebschmann (17), Mebius 
(21), Wurm (22), Schiirmann (23), Jaffé and Levinson (24), Sweany 
(25), and others. The bone does not appear very early, however, in 
this retrogressive cycle. In hundreds of bone sections of primary 
tubercles studied in this institution, no bone has been observed to appear 
before ten years, unless there was some ground substance like the bron- 
chial cartilages as a precursor of the bone. The bone formation and 
the replacement with lymphoid or marrow tissue continues to form at 
a rather constant rate in later life, until sometimes there is practically 
a complete removal of the tubercle. 

To try to understand the process better and to see if we could relate 
the changes to any one element, we proceeded to study various tubercles 
in three dimensions. The method used was the well known one of 
William Snow Miller (26), the only deviation being the use of a heavy 
illustration paper instead of blotting paper. All cuts were made to 
scale and the reproductions are proportional to the original. 

The first case studied (A642) was one having an old primary tuber- 
culosis with a local haematogenous pulmonary seeding. There was a 
fibroid process in the right apex and a terminal acinous-nodose seeding. 
The clinical disease was of nine years’ duration. The infection probably 
occurred about 15 to 20 years before death. 
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This history, while apart from the present report, gives a background 
that is useful in interpreting the findings. 

Model 1 was taken from the old haematogenous seeding and corre- 
sponds with tubercles ordinarily rated at twelve to fifteen years old. 
As a general rule all the tubercles of this haematogenous seeding were 
of this same age character. There appears first a lysis of the outer ° 
border of the calcified area next to the heavy fibrous capsule, then small 
end capillaries begin to appear in these lacunae; later they ramify into 
a vascular network, the opening enlarges and the borders begin to take 
on a bluish-pink stain on section. The nuclei of the fibrocytes become 
stellate. Still later lymphoid cells appear around the capillaries. Some- 
times yellow bone-marrow cells may be seen. 

It was noticed that two rather constant elements were present in this 
process of disintragation; first, there were usually many pigmented 


PLATE 1 


Fig. A642-1. Photograph of a reconstruction of a small segment of a calcified parenchy- 
mal tubercle of Autopsy 642, showing an early type of disintegration by capillary invasion. 
X 113 

Fig. A642-2. A more advanced stage of disintegration of a tubercle of a hilar lymph 
node, showing larger capillaries. X 53.2 

Fig. A589. A photograph of a top view of a bony tubercle of Autopsy 589, showing a 
shell of bone with large capillaries penetrating from each end. X 28 


phagocytes in the vicinity of these changes, and, second, there was 
a bed of capillaries somewhere outside the capsule. Occasionally neither 
have been observed, but this is not the rule. 

The sections reproduced show the various levels as they are marked 
on the model. There is little evidence of lymphoid and marrow tissue 
at this stage. 

Model 2 is from a hilar lymph node of the same case, which reveals 
a more advanced stage of resorption with a more extensive capillary bed, 
although even here they still seem to be end capillaries. There is a 
large amount of free pigment as well as some in phagocytes. There is 
a well advanced replacement with lymphoid tissue. 

Accompanying the capillary invasion in this specimen are large 
numbers of fibroblasts. The entire significance of these is not yet clear 
nor is their relation to the capillaries. At times they seem to precede 
the capillaries, while at other times they may not be present at all. In 
some rare specimens they seem to behave as a special form of phagocyte 
to engulf calcified material after which they appear first as a myxomatous 
tissue, then as cells resembling osteoblasts which later form bone. In 
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the slide culture studies of Maximow (27), Lang (28), and Bloom (29) 
the apparent changes from one cell type to another vary so widely in 
different circumstances that it would be hazardous to predict the possible 
origin and evolution of such cells. 

Model 3 is from a case (A589) infected from the patient’s mother 
at two and one-half years of age, and dying at the age of 51, with inter- 
mittent clinical disease during all his life. The probable age of this 
tubercle is over 40 years, and perhaps nearer 50 years. 

There is almost a complete resorption of the calcification and capsule 
with a replacement by bone and lymphoid tissue and a small amount 
of yellow marrow. The main blood vessel here has taken on more the 
character of an arteriole and passes through the tubercle, joining the 
capillary bed on the opposite end of the tubercle. The new capillaries 
seem to be more like a ramified plexus of arteriolar capillaries rather 
than an arteriole-venule junction. 


PLATE 2 


Fig. a. Photograph of a microscopical section taken at a top level, marked “a’’ in fig. 
A642-1, plate 1, showing capillaries in the centre of erosions and a plate of bone on the 
outside. X 149 

Figs. b & c. Photographs of lower levels, marked ‘“‘b” and “c”’ in fig. A642-1, plate 1. 
149 

Fig. d. A photograph at the point of entrance of the main capillary. X 149 


The new capillaries have apparently formed much in the manner they 
do in wound healing. 

Not all tubercles show a complete resorption. In tubercles that have 
formed with a minimum of caseation there is a myxomatous-appearing 
ground substance left that is perhaps a residue of the original fibrous 
or elastic tissue. This framework affords a support for the new vessels 
and lymphoid and marrow tissue. Furthermore, only about half of 
the calcified tubercles contain bone, even though the other changes 
take place. 


DISCUSSION 


The evolution of the tubercle is a phenomenon that brings into play 
practically all the factors of defense against disease that the animal 
organism possesses. In the discussion we shall deal only with the 
healing tubercle. This has been done before and at length by Aschoff 
(14), Puhl (20), Huebschmann (17), Ranke (15), Pagel (16), Jaffé and 
Levinson (24), and others. Following the acute and early toxic action, 
the subacute foreign body action of the bacillary wax and the dead 
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PLATE 3 


Top figure. Photomicrograph of a section through the centre of a tubercle of Autopsy 589, 
showing resorption, capillaries, early lymphoid tissue and shells of bone encroaching on the 
calcified centre. XX 12.6 

Bottom figure. The same near the top of the model. X 12.6 


490 
| 


RETROGRESSIVE CHANGES OF TUBERCLES 491 


tissue caseum causes the stimulation of fixed tissue cells and chronic 
granulation tissue, forming a firm capsule. As the debris ages there 
is a gradual transformation of the dead tissue into elements of a lower 
molecular weight. This autolysis of the central core probably liberates 
many acid radicals that become combined with calcium ions either 
already present or diffusing in from the body fluids. The process of 
calcification continues outward to meet the capsule which it finally 
penetrates, wave upon wave, (resembling Liesegang rings) each new ring 
perhaps depending upon the further production of free acid ions within. 
As these waves of calcification roll outward toward the periphery, the 
pericapsular lymph and blood capillaries seem to supply autolyzing 
enzymes that open up spaces between the old connective tissue fibres 
and then follow in with new endothelial cells to form an arborization of 
capillaries. Although Huebschmann (17) has called attention to the 
fact that tubercles may be attached to an arterial pedicle, it seems that 
it is not so much the larger vessels that count as the finer capillaries 
adjoining the outside of the capsule. The autolysis continues, more 
capillaries form, and the bordering fibrous tissue is transformed into 
a purple-pink staining ground substance with the nuclei of old fibrocytes 
gradually appearing like bone cells. Although the heavy “specific” 
capsule is largely if not completely avascular, the fine capillaries weave 
their way between the crevices of fibrocytes until they may reach far 
into the centre of the tubercle. This penetration is assisted by a 
movement of the calcification outward. Perhaps it is a mutual process. 

In the large number of tubercles we have studied, we have not seen 
bone form on the immer border of the capsule unless capillaries were in 
the vicinity. We are of the opinion that most retrogressive changes 
taking place in tubercles are largely a function of their proximity to 
the circulating fluids and tissues, particularly the blood capillaries. 
The tubercles, therefore, that are not accessible to these factors, as those 
in advanced emphysematous areas, or collapsed lungs due to disease or 
pneumothorax, will not change at the same rate as those surrounded by 
a rich capillary bed. In addition, there are certain very old tubercles 
that do not form bone, although hyalinization and connective tissue 
ingrowths occur. These are usually lacking in capillary beds around 
the outside, but there are notable exceptions. 

The lack of osseous changes in such cases cannot be explained from our 
present data, but they are perhaps related to deep seated characteristics 
of the host that concern calcium metabolism and the multipotentiality 
of fibroblasts. Fibroblasts in the spleen also seem to lack the property 
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to form bone. In many sections of spleen we have never seen any bone 
but have found it occasionally in the liver and mesenteric nodes. There 
must be a different type of fibroblast, therefore, in the spleen than 
elsewhere in the body, as conditions for bone development are different 
in this organ. 

On the other hand, it has been observed that the bronchial cartilages 
form bone much earlier than the connective tissue capsules around the 
tubercles. It seems to be much easier for cartilage to become trans- 
formed into bone; whether it is due to the closer relationship of the 
cartilage cell to bone or to the presence of utilizable calcium is prob- 
lematical. In one specimen I observed a ring of bone around the border 
of a bronchial cartilage with true red marrow within. Mebius (21) 
has reported this actually in a tubercle and not in ossified cartilage. 
There is every reason to believe from our studies as well as those of 
Leriche and Policard (30), Jaffé and Levinson (24) and others, that in 
certain cases the fibrous tissue around calcified caseous tubercles becomes 
supersaturated with calcium and transformed into osteoblasts by indirect 
metaplasia. No doubt all pathological calcifications are subject to the 
same changes. Irrespective of the type, it is apparently due more to 
a certain relationship of ions and living tissues in abnormal environment 
than to any purposeful process. 


SUMMARY AND CONCLUSIONS 


A three-dimension study of old primary tubercles seems to point to 
the facts that the changes taking place in the aging of tubercles are 
dependent upon several factors: first, the autolysis or enzymatic diges- 
tion of tissues that have been killed; the calcification of this digest; 
and then the proximity of these elements to the circulating fluids of the 
body which permits of resorption and ossification. The capillaries 
around the outside of the tubercle seem to penetrate the capsule and, 
either through a deposition of phagocytes or a liberation of enzymes 
between the calcification and capsule, cause a lysis of the old fibrocytes 
and calcareous material. The capillaries then enter the lacuna that is 
produced and become ramified within. Simultaneously fibroblasts enter 
and become transformed into fibro-osteoid and bone tissue that lines 
the walls of these spaces. This process apparently continues until the 
remnants of calcified caseum and perhaps even bone tissue are removed. 
On rare occasions fibroblasts seem to enter independently of capillaries 
and act to dissolve the calcium; but more study must be given this 
phenomenon before anything can be said of it. 
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TUBERCULOUS DISSEMINATION DURING THERAPEUTIC 
PNEUMOTHORAX! 


A Study of Three Cases 
WILLIAM A. ZAVOD 


In the last two years I have had an opportunity to study three cases 
of pulmonary tuberculosis that were complicated by tuberculous dis- 
semination while under treatment with therapeutic pneumothorax. 
The spread was apparent in the noncollapsed lung, but the extent of 
involvement of the collapsed lung was a matter of conjecture, since the 
lung under treatment in each case was either completely or nearly com- 
pletely collapsed and neither the roentgenograms nor the physical 
examination could offer a solution. The three cases came to postmortem 
examination soon after the complication and thus offered an opportunity 
to investigate some of the debated questions, such as: (/) Can broncho- 
genic or haematogenous spread occur in a completely or partially col- 
lapsed lung? (2) Do various grades of atelectasis and ischaemia in 
a compressed lung influence the extent of spread of disease in that lung? 
Because the number of cases is so small conclusive answers are not to be 
expected and deductions therefore are made on this basis. 

That a collapsed lung can be spared in a generalized miliary tuber- 
culosis has been known for several decades. Forlanini (1) reported 
such a case in 1909. Lindblom (2) in a postmortem study of 15 cases 
of pulmonary tuberculosis that were treated with pneumothorax stressed 
the absence of miliary tubercles in the collapsed lung of one of his cases 
while the other lung and the abdominal viscera showed extensive miliary 
tuberculosis. Case 15 in his report showed a similar phenomenon, 
though he did not emphasize it. 

The literature, though inconclusive, is fairly rich in experimental 
investigation of the problems raised in this paper and others closely 
related. Most of the work was done in order to determine how does 
collapse of a diseased lung influence the healing of tuberculosis. The 

1 From the Department of Pathology, Dr. Gilbert Dalldorf Chief of Laboratories, and the 


Department of Tuberculosis, Dr. John M. Nicklas Chief Clinician, Grasslands Hospital, 
Valhalla, New York. 
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conclusions that the different investigators have reached are very diverse 
and the disagreement is due to the difference in experimental approach 
(Pinner (3)). 

Summarizing the literature we find that two schools exist, one that 
is of the opinion that hyperaemia follows the collapse of a lung (Sauer- 
bruch, Lindblom, Photakis and others), and the other, a larger school, 
that believes that various grades of ischaemia are the resultants of 
collapse of a lung (Forlanini, Brauer, Rolland, Roubier, Gardner, Coryllos 
and others). My personal experience after postmortem study of 51 cases 
that have had pneumothorax for a period from several months to four 
years convinced me that in general the extent of interference with the 
circulation and ventilation in a collapsed lung is directly proportional 
to the extent of collapse. Some cases show hyperaemia in the early 
phases of collapse which is due to greater compression of the pulmonary 
vein than the pulmonary artery. 

Investigation of the problems of tuberculous dissemination during 
the course of therapeutic pneumothorax involves ventilation in broncho- 
genic dissemination and the state of the vascular tree in haematogenous 
spread, since these are the respective avenues of invasion. 

The collapsed lung and bronchogenic dissemination: Accepting the 
descriptions of the microscopical anatomy of the acinus of the human 
lung offered by Miller, Husten, Laguesse, Seemann, and Grethmann, 
which differ from one another to some extent, we learn that the acinus 
is the terminal unit of the pulmonary parenchyma. It is composed of 
one type of nonciliated respiratory epithelium and is the usual seat of 
bronchogenic dissemination. Aschoff (4) believes that the transition 
from ciliated epithelium, still present in the first divisions of the inter- 
lobular bronchioles, to respiratory epithelium in the acini and the slowing 
of the air current favor the settling of foreign bodies and microérganisms 
in the acinus. When we examine a collapsed lung we find that its air 
content is markedly reduced; gross section shows that the organ is more 
or less solid, the normal pattern of the lung is no longer visible. Micro- 
scopically the alveoli and smaller bronchioles are compressed and the 
acini have lost their identity. Only the larger bronchioles lined with 
ciliated epithelium remain patent though somewhat compressed. 

The normal physiology of respiration is markedly altered in a collapsed 
lung. As has been repeatedly noted on fluoroscopy a completely col- 
lapsed lung under positive pressure does not expand on inspiration. 
The respiratory excursions of a collapsed lung under negative pressure 
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are limited in most cases. In those cases of therapeutic pneumothorax 
that were complicated by a tuberculous effusion, the thickened visceral 
pleura prevents respiratory movement of that lung whether the intra- 
pleural pressure is negative (before refill) or positive (after refill). 

To illustrate the réle played by the above anatomical and physiological 
changes in a collapsed lung during a bronchogenic dissemination the 
following case is presented. 


Case 1: M. D., 23 year old white girl, was admitted January 1, 1935 complain- 
ing of dry cough. Family and past histories were negative. The onset of 
the present illness was in October, 1934 with cold and cough. After several 
weeks treatment with no relief, a roentgenogram was taken which showed an 
exudative tuberculous process about 2 cm. in diameter in the left upper lobe. 
There was no evidence of cavitation; the right lung was clear. The sputum 
was negative on concentration and guinea-pig inoculation: She was at rest 
in bed until July, 1935 when a roentgenogram showed a sudden increase in 
the infiltration about the original focus. The sputum remained negative, 
Therapeutic pneumothorax on the left was instituted on July 26, 1935, a 
free pleural space was found and an effective collapse resulted. She gained 
weight and was discharged on May 28, 1936 as arrested; the sputum was 
never positive. Refills were continued in the outpatient clinic. The intra- 
pleural pressures were near zero on the negative side. About the middle of 
September, 1936 she had sudden fever of 101°F. and malaise for one week. 
A roentgenogram taken at that time showed no change and the episode re- 
mained unexplained. She had no expectoration, the left lung was nearly 
completely collapsed, the right lung was clear, refills were continued in the 
clinic. During December, 1936 she began to expectorate and tubercle bacilli 
were found on direct smear. Though the fluoroscopic examination showed 
no change in her condition she was readmitted. A roentgenogram taken on 
January 11, 1937 (figure 1A) showed no change. The temperature was nor- 
mal. On the next day, January 12, she had sudden fever of 103°F. with 
chills and sweats, the fever gradually rising to 105°F. A roentgenogram 
taken on January 21, 1937 showed a pneumonic consolidation at the base of 
the right upper lobe; the left lung was collapsed and showed no apparent 
change (figure 1B). Therapeutic pneumothorax on the right was started on 
January 21; the pleural space was free. The left lung was permitted to re- 
expand passively, refills having been discontinued. The fever remained high; 
slowly increasing dyspnoea developed that was ascribed to the bilateral pneu- 
mothorax; her condition was not considered alarming. On the night of 
February 10, 1937 she had a sudden attack of severe dyspnoea and was dead 
when the physician on call arrived only a few minutes after the onset of the 
episode. Death was pronounced due to asphyxia, and rupture of the right 
lung with a tension pneumothorax suspected. 


DISSEMINATION IN COLLAPSED LUNG 


Case 


Fig. 1A. Roentgenogram January 11, 1937. Complete collapse of left lung, right lung 
clear. 
Fig. 1B. Roentgenogram January 21, 1937. Slight reéxpansion of left lung, pneumonic 


consolidation at base of right upper lobe. 

Fig. 1C. Sagittal section through both lungs. Left lung collapsed. Caseous tissue on 
left lateral wall of trachea (a). Caseation and ulceration of left main bronchus (b). Caseous 
pneumonia in right upper lobe (c)._ No evidence of tuberculous pneumonia on left. 

Fig. iD. Microscopical picture of section of the right pneumonic lung. Interlobular 
septum (a). Caseous tissue (b). Exudative elements in alveoli (c). X 10 

Fig. 1E. Microscopical picture of left lung. Thick pleura (a). Partly collapsed alveoli 
with thickened alveolar walls (b). No evidence of recent tuberculous pneumonia. X 10 
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Autopsy excerpts: Upon removing the sternum without puncture of the 
pleural cavities, the heart was found slightly displaced to the right. Incision 
into the right pleural cavity showed no evidence of air under pressure or 
spontaneous collapse of the lung. The right pleural cavity was free through- 
out; the right lung was about 20 per cent collapsed; there were no adhesions; 
about 50 cc. of clear serous fluid was present. The left lung was about 70 
per cent collapsed; a large band adhesion extended from the collapsed upper 
lobe toward the apex and several string adhesions were seen posteriorly 
extending into the gutter of the spine. 

Gross section of the lungs revealed: Right lung: the visceral pleura was 
smooth, glistening and showed no pathological change. The interlobar septum 
between the upper and middle lobes showed recent adhesion that could be 
separated with ease. The entire upper lobe showed dense pneumonic infiltra- 
tion with beginning caseation; there was no evidence of liquefaction or cavity 
formation (figure 1C). The middle and lower lobes were partly collapsed; 
acinous-nodose infiltration was seen in the middle lobe and upper portion of 
the lower lobe. The left lung was the size of a large spleen; the visceral 
pleura was covered with a thin coat of fibrin that could be scraped away. 
The upper half of this lung was fairly solid, the lower half was slightly crepi- 
tant. Section disclosed dense infiltration in the upper half of the upper lobe 
undergoing fibroid change, the lower lobe was free of tuberculous involvement 
and partly reéxpanded. Dissection of the trachea and bronchi showed a 
cauliflower mass of caseous and granulation tissue in the left main bronchus 
about 1 cm. below the bifurcation that narrowed the lumen of the bronchus 
to a few millimetres in diameter. The trachea was much smaller than normal, 
measuring only 15 mm. in diameter; the mass of caseous tissue extended 
from the left bronchus into the lumen of the trachea occluding it completely 
but not adherent to the tracheal mucosa. Upon scraping the caseous tissue 
away a deep ulcer was found in the posterior inferior wall of the left bronchus. 
Further dissection disclosed that the ulcer extended into a caseous bronchial 
node situated between the two main bronchi and densely adherent to the 
left bronchus (figure 1C). The remaining nodes in that region were all 
caseous, some of them undergoing softening and liquefaction. 

Microscopical examination: Sections of the right upper pneumonic lobe 
showed markedly thickened interlobular septa, the lobules were densely 
infiltrated with caseous tissue (figure 1D). Individual caseous areas that 
showed tendency to become confluent were seen in some lobules while others 
showed beginning breaking down in the centre of the caseous tissue. Exami- 
nation under higher power showed that the centres of many caseous areas 
were free of cellular elements and few lymphocytes and polymorphonuclear 
cells were seen at the periphery. No giant cells were found. Slight peri- 
vascular and peribronchial thickening was apparent. Elastica-stain showed 
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the elastic fibres still intact in many caseous areas imparting the appearance 
of a honeycomb. Sections from the middle and lower lobes showed an oc- 
casional caseous nodule with exudative reaction around it. Sections from 
the left upper lobe showed marked fibrous thickening of the pleura. Some 
alveoli were partly or completely collapsed, others showed emphysematous 
distention (figure 1E). The alveolar walls were thickened; many areas had 
hyalinization with round cell infiltration and giant cells. Sections from the 
lower lobe showed partial collapse of the alveoli, the sections were free of 
tuberculous involvement. Sections through the left bronchus and its adherent 
lymph node showed destruction of all bronchial structures and extension of 
the caseous tissue from the lymph node into the bronchus. Sections through 
other intrathoracic lymph nodes showed complete caseation void of cellular 
elements or giant cells. All other organs and systems were free of tuberculous 
involvement grossly and microscopically. 


Comment: Apparently the caseous lymph node at the floor of the 
bifurcation ulcerated into the left bronchus in December, 1936 when 
the sputum became positive for tubercle bacilli. The dissemination 
to the right lung did not occur until January 12, 1937 (roentgenogram 
January 11, 1937 was negative and there was no fever) when the tempera- 
ture suddenly rose to 103°F. The ulceration in the left bronchus must, 
by that time, have become extensive enough to liberate caseous tissue 


rich in tubercle bacilli. The collapsed lung on the left was free of new 
involvement in spite of the fact that the ulceration was in the bronchus 
on the same side. This was probably due to the collapse of the left lung 
for the following anatomical and physiological factors: (1) the acini 
which are the usual seats of bronchogenic spread were collapsed by 
therapeutic pneumothorax at the time the spread occurred; (2) the 
larger bronchioles which remained uncollapsed are lined with ciliated 
epithelium and, should the products of tuberculous disease be carried 
into their lumina, the cilia will carry them back toward the trachea 
before they have had a chance to become implanted; (3) a collapsed lung 
of long standing expands very little during respiration and therefore no 
strong air currents are created that would facilitate dissemination. 

The collapsed lung and haematogenous dissemination: Accepting the 
hypothesis that the ischaemia created in a collapsed lung is in direct 
proportion to the extent of collapse, the completely collapsed lung 
will correspondingly have greater ischaemia and probably very limited 
communication between the arterial and venous pulmonary circulation 
which normally takes place through the capillary bed only. Given 
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a bacillaemia in the venous circulation of the greater circle the micro- 
organisms will be carried to the right heart and then to the lungs by 
way of the pulmonary arteries. The microérganisms ordinarily lodge 
in some of the capillaries and begin to grow. The capillary network 
like the pulmonary acinus creates an environment favorable to the 
implantation of the tubercle bacillus because the circulation is markedly _ 
slowed, there is a greater supply of oxygen from the nearby alveoli, 
and the size of the capillaries is such that they will easily hold back 
clumps of tubercle bacilli. When the capillary bed is collapsed the 
microérganisms may not have a foothold or a favorable environment 
to begin growth. With these hypotheses in mind the following two 
cases are presented for illustration. 


Case 2: S.S.,a 45 year old Negro man, was admitted to the hospital on July 20, 
1933 complaining of pain on swallowing, cough and expectoration. In his 
early childhood he was in close contact with his tuberculous mother, otherwise 
the family and past histories were negative. The onset of his present illness 
was in January, 1933 with cold and pain in the chest. Pleurisy and sub- 
sequently tuberculosis was diagnosed. A roentgenogram on admission showed 
a productive process in the upper half of each lung suggestive of haematoge- 
nous tuberculosis. Two cavities were seen in the right upper half with a 
total diameter of 7 cm., and one 3 cm. cavity in the left upper half. The 
epiglottis was ulcerated, the cords were normal, the sputum was scant but 
positive for tubercle bacilli. Therapeutic pneumothorax was started in 
July, 1933; a free pleural space was found, a satisfactory collapse resulted, 
the cavities in the collapsed lung were not definitely seen on the roentgeno- 
gram and were considered closed. The cavity on the left closed on bed-rest; 
the sputum, however, remained positive and the ulcerated epiglottis was con- 
sidered the offender. A hot effusion (tuberculous effusion with fever) on 
the right appeared in November, 1934 and the pleural pressures became posi- 
tive after a refill of 100 to 200 cc. of air. The fluid remained serous though 
cloudy in later months. His course was uneventful. A roentgenogram in 
October, 1936 (figure 2A) showed no change in the patient’s condition when 
compared with films taken two years back. Examination of the epiglottis 
showed that the disease was progressive. The epiglottis was by this time 
completely destroyed and the cords became ulcerated, swallowing was painful. 
On December 26, 1936 his temperature rose to 101°F. and the patient was 
dyspnoeic. A roentgenogram taken the same day showed haematogenous 
dissemination over the entire left lung, the right remained unchanged (figure 
2B). The dyspnoea was progressive; the fever stayed at the same level; 
there was no clinical evidence of involvement of any other organ; the spinal 
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Fig. 2B 


Fig. 2C 


Fig. 2D ¥ 


Case 2 


Fig. 2A. Roentgenogram October 16, 1936. Complete collapse of upper two-thirds of 
right lung, partial collapse of lower third. Effusion on right. Very fine diffuse fibrosis and 


emphysema over entire left. 

Fig. 2B. Roentgenogram December 26, 1936. No apparent change on right. Very fine 
miliary dissemination throughout left, more dense in upper two-thirds. 

Fig. 2C. Sagittal section through both lungs. Complete collapse of upper and middle 
lobes (b). Parietal pleura (a). Partly collapsed lower lobe with miliary tubercles (c). 
Dense miliary dissemination over entire left. Emphysema left. 

Fig. 2D. Microscopical picture of section of base of right upper lobe. 
(a). Collapsed alveoli with thickened walls (b). Compressed large blood vessels (c). No 
miliary tubercles found. XX 10 

Fig. 2E. Microscopical picture of section of base of left upper lobe. 
tubercles (a). Distended alveoli (b). XX 10 
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fluid was normal; the sputum remained scanty and positive for tubercle bacilli. 
Respirations became gradually more difficult and he expired on February 1, 
1937. 

Autopsy excerpts: Upon removing the sternum, the right pleural cavity 
was found to be filled with about 300 cc. of cloudy fluid. The parietal and 
visceral pleurae were covered with a thick shaggy coat of fibrin. The upper 
and middle lobes were completely collapsed and pushed into the vertebral 
gutter. There was a thick cord-like adhesion extending from the upper lobe 
to the second rib posteriorly. The lower lobe was partly collapsed. Dis- 
section from the right main bronchus into the bronchial tree disclosed that 
the upper lobe bronchus led into a cavity, 6 cm. in diameter, that was flat- 
tened by the anteroposterior collapse of that lobe by pneumothorax. The 
cavity walls were thick, covered with a pyogenic membrane and purulent 
sanguineous exudate. The middle-lobe bronchus opened into a 2 cm. cavity 
in the middle lobe. The cavities showed no tendency to become obliterated 
in spite of the fact that the upper and middle lobes were collapsed for three 
and one-half years. The remaining parenchyma in these two lobes was col- 
lapsed and showed discrete nodular deposits infiltrated with calcium. No 
recent tubercles were seen. The right lower lobe was partly collapsed, con- 
gested with blood and sparcely infiltrated with recent miliary tubercles. 
Between the tubercles, fine sponge-like emphysema was seen (figure 2C). 
The left lung had no adhesions, it was voluminous, congested, heavy yet 
crepitant throughout and distended with air. The visceral pleura was dull 
and studded with very fine grayish tubercles. The interlobar septum showed 
recent adhesions. Section of the left lung showed dense infiltration with 
miliary tubercles from apex to base with coarser nodules in the upper half. 
The parenchyma between the tubercles was distended with air. The biood 
vessels were congested giving the tissues a deep purple color. A scar was 
found at the base of the upper lobe in the position where a cavity was seen 
in the original roentgenogram on admission. 

Microscopical examination: Sections from the right upper and middle 
lobes showed no miliary tubercles. The visceral pleura was fibrous and many 
times the normal thickness. The walls of the alveoli were thickened, some 
alveoli were completely collapsed and others were distended and had broken 
walls (figure 2D). The blood vessels and bronchioles were collapsed and 
showed marked perivascular and peribronchial thickening. Several caseous 
areas with hyalinized centres were encountered. Sections from the lower lobe 
showed many recent miliary tubercles with giant cells and caseous centres. 
Other tubercles appeared to be older with definite capsules and hyalinized 
centres. Sections from the left lung showed very slight thickening of the 
pleura due to a cellular exudate. Miliary tubercles were abundant sub- 
pleurally and in the parenchyma. The alveoli were distended (figure 2E). 
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The tubercles appeared to be recent with giant cells at the periphery, mono- 
nuclear cells and caseous centres; other tubercles had a well formed capsule, 
homogeneously filled with inspissated caseous tissue and free of cellular 
elements. 

The spleen and kidneys showed an occasional tubercle grossly and micro- 
scopically. A few small shallow ulcerations were found in the ileum near the 
ileocaecal valve. The prostate was caseous throughout, with beginning 
liquefaction. 


Case 3: L. V., 44 year old white man, a hard-coal miner for over 20 years, 
was admitted to the hospital in 1932 complaining of loss of weight. The 
onset of his symptoms was at the end of 1931 when pulmonary tuberculosis 
was diagnosed. Roentgenograms at the time of admission showed a tuber- 
culous process involving the upper third of the right lung and the upper 
two-thirds of the left lung with cavitation in the latter. He expectorated 
about 20 cc. of mucopurulent sputum that was positive for tubercle bacilli on 
direct smear. A diagnosis of pulmonary tuberculosis, probably of haematog- 
enous origin, and pneumonoconiosis was made. Therapeutic pneumothorax 
on the left side was started in August, 1932. An effective collapse resulted, 
the cavity closed and his sputum became negative in April, 1933. He was 
discharged in November, 1933 and refills were continued in the outpatient 
department. In December, 1934, three weeks following the last refill, he 
was brought to the clinic complaining of slight fever, headache and dizziness. 
Fluoroscopic examination showed a haematogenous dissemination over the 
entire right lung and he was readmitted to the hospital. A roentgenogram 
taken at the time of admission showed complete collapse of the left lung and 
a very fine miliary seeding throughout the right (figure 3B) that was not so 
evident on a previous film (figure 3A). Symptoms of meningeal involvement 
became pronounced, the spinal fluid contained tubercle bacilli, and a diagnosis 
of miliary tuberculosis with tuberculous meningitis was made. The sputum 
remained negative. The course was progressively down-hill and he expired 
nine days following admission. 

Auptosy excerpts: Upon lifting the sternum, the right lung filled the right 
hemithorax and did not collapse. The right pleural space was free and the 
lung had no adhesions. The left lung was completely collapsed and crowded 
against the spinal column. The left pleural space was free of fluid and con- 
tained three fibrin bodies. The parietal and visceral pleurae were covered 
with a hoary fibrin deposit. The right lung was voluminous and distended 
with air; many fine tubercles were seen through the visceral pleura. Gross 
section revealed miliary tubercles densely infiltrating the lung from apex to 
base, the dissemination being most marked in the upper two-thirds. The 
parenchyma between the tubercles showed emphysematous distention. The 
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Fig. 3D 


Fig. 3A. Roentgenogram June 4, 1934. Complete collapse of left lung with effusion. 
Nodular infiltration throughout the right. 

Fig. 3B. Roentgenogram December 3, 1934. Left lung shows no important change. 
Right lung shows very fine miliary dissemination throughout. 

Fig. 3C. Sagittal section through left lung. (Unfortunately the right lung was not pre 
served.) Complete collapse of left lung. Inspissated caseous tissue (a). No miliary 
tubercles seen. 

Fig. 3D. Microscopical picture of section of right lung. Many recent tubercles (a). 
Distended alveoli (b). X 10 

Fig. 3E. Microscopical section of left lung. Complete collapse with marked fibrosis. 
Silicotic nodules (a). Centre densely infiltrated with carbon (b). Hyalinized tissue (c). 
No evidence of recent miliary tubercles. > 10 
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left lung was collapsed to the size of a large spleen and extremely hard. On 
section this lung was black. Several areas of inspissated caseous tissue were 
seen in the upper half and fine calcific deposits in the lower half. The two 
lobes were densely adherent and the interlobar septum was thick. There was 
no evidence of miliary tubercles and no cavities were seen (figure 3C). 

Microscopical examination: Sections from the right lung showed slight 
thickening of the visceral pleura. Many recent tubercles with caseous centres 
and giant cells were seen subpleurally and in the parenchyma. The vesicles 
between the tubercles were distended, some of the septa were broken. The 
blood vessels and bronchioles were thickened (figure 3D). Sections from the 
left lung showed a markedly thickened pleura. The parenchyma was com- 
pletely collapsed and showed many silicotic nodules with carbon in the centre 
and whirls of fibrous tissue at the periphery. The blood vessels and bron- 
chioles were collapsed. The entire pulmonary parenchyma was apparently 
replaced by fibrous nodules and carbon, leaving nothing of the pulmonary 
structure but the larger bronchioles and blood vessels. Examination of many 
sections from different portions of the left lung failed to show any miliary 
tubercles (figure 3E). 

The kidneys, spleen, liver and peritoneum were densely infiltrated with 
miliary tubercles. The prostate was caseous throughout. Many tubercles 
were seen at the base of the brain and along the Sylvian fissures. 


Comment: Case 2 was a haematogenous pulmonary tuberculosis and 
case 3 was a generalized miliary tuberculosis. Though the tubercle 
bacilli were apparently carried from the general venous circulation to 
either lung in both cases, they found no suitable environment to become 
implanted in the completely collapsed lung (right upper and middle 
lobes in case 2 and left lung in case 3); favorable environment was limited 
in the partly collapsed lung (right lower lobe in case 2), and the environ- 
ment was most suitable in the uncollapsed lung (left lung in case 2 and 
right lung in case 3). The anatomical and physiological factors involved 
were marked interference with the circulation and oxygen supply in 
the completely collapsed lung, some interference in the partly collapsed 
lung, and relatively no interference in the untreated lung. 


SUMMARY 


Three cases of pulmonary tuberculosis treated with pneumothorax 
were presented. One case was complicated by bronchogenic dissemina- 
tion, one by haematogenous pulmonary spread, and one by miliary 
generalized tuberculosis. All three cases came to postmortem examina- 
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tion soon after the complication developed. An attempt was made to 
interpret the mode of involvement in relation to the extent of collapse 
of the lung. 


CONCLUSIONS 


Though the number of cases studied is small the following conclusion 
is suggested: the extent of involvement of a collapsed lung in the course 
of a haematogenous or bronchogenic dissemination is in inverse propor- 
tion to the degree of collapse present at the time of the dissemination. 
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TUBERCULOUS BACILLAEMIA IN RABBITS! 
1. Bacillaemia in Nonallergic Animals 
JACQUES P. DUCHAINE* 


When a small amount of tubercle bacilli is injected under the skin 
of an experimental animal the microérganisms very quickly reach the 
draining lymph nodes; here they multiply and after a certain interval, 
depending on the amount and virulence of the infecting microdrganisms, 
are disseminated by means of the lymph and blood to the various tissues, 
where they will produce secondary foci. 

Different investigators have tried to determine the time of appearance 
of these bacilli in the blood-stream and the importance of secondary 
focalization, either by culturing a certain amount of blood recovered 
at various intervals of time or by injecting the blood into guinea pigs. 
Lately, most workers have used the Loewenstein method of blood culture, 
which consists of inoculation of the Loewenstein medium following 
treatment of the blood with a weak acid (3 to 5 per cent acetic or 15 per 
cent sulphuric acid) and repeated washing of the sediment with distilled 
water in order to remove the haemoglobin, which, according to Loewen- 
stein, inhibits the growth of tubercle bacilli. 


When the results of experimental studies of this type are analyzed, a great 
deal of controversy is apparent. Some investigators record uniformly nega- 
tive results. On the other hand, Anderson (1), in 1909, demonstrated tubercle 
bacilli in the heart blood of 7 out of 8 rabbits, inoculated 14 to 27 days pre- 
viously with a pure culture of bovine bacilli, the exact amount not being 
mentioned. Mishulow and Park (2) inoculated a rabbit intravenously with 
50 mgm. of a human strain and cultured whole blood withdrawn at various 
intervals from the ear on Loewenstein’s medium and on the Bordet-Gengou 
medium. They found a very sharp decrease of bacillaemia, which occurred 
between 21 and 24 hours after inoculation; nevertheless a certain number of 
microérganisms could be found constantly in the blood, the amount rising 
sharply just before death. 


1From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 
? Graduate-Fellow of the C.R.B. Educational Foundation, Inc. 
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In another experiment the same authors (3) tested the blood from a rabbit 
injected intraperitoneally with 4 mgm. of a virulent bovine strain and found 
only one positive result; this occurred on the day of death, 115 days after 
infection. 

Out of 34 samples of blood taken from the ear vein of 5 rabbits infected 
with a bovine strain, Manteufel and Kottmann (4) demonstrated macro- | 
scopical growth in only four instances; in these cases growth was obtained 
within the last four weeks of life of the animals. 

Shapiro (5) inoculated 4 rabbits intravenously with 8 mgm. of a bovine 
strain; at various intervals the heart blood was cultured by the Loewenstein 
technique. Results varied, but were positive the first two days in 2 animals 
and negative on the 7th, 8th and 10th day respectively in 3 animals. In 
another series of rabbits inoculated with 17 mgm. of bovine type tubercle 
bacilli, bacillaemia was readily demonstrated by the Loewenstein method in 
all samples but one. 

Corper and Vidal (6) injected various amounts of human, bovine and avian 
strains intravenously in guinea pigs, rabbits, chickens and dogs. They con- 
cluded that, whereas large amounts produce a constant bacillaemia, with small 
quantities (from 0.001 to 0.000,001 mgm.) the bacilli disappear rapidly from 
the circulation. In rabbits inoculated with a bovine strain their results were 
constantly negative, except with a dose of 1 mgm. and this only for two days 
after the injection. 

Choun (7), testing the new Kirchner method of blood culture, recorded 
30.1 per cent of positive results in rabbits infected with a virulent bovine 
strain, the amount injected being 0.01 mgm. intravenously and 10 mgm. 
subcutaneously. The animals were bled at regular intervals either from the 
ear vein or from the heart. 

Guischard (8) infected rabbits intravenously with a virulent bovine strain, 
the amount of which was not reported. He was able to detect bacilli in the 
blood-stream only during the first 9 to 11 days after infection. It is note- 
worthy that each time the cultures or the guinea-pig inoculations were positive, 
acid-fast bacilli could be detected in the direct smears of the material used. 

Strempel (9) injected rabbits intravenously with human and bovine strains 
in amounts varying from 1 to 10 mgm. He was able to recover bacilli from 
the heart blood only during the first two weeks. After that period, the cul- 
tures were always negative. A large dose of bovine bacilli (10 mgm.) injected 
subcutaneously failed to produce bacillaemia except soon after the injection 
and on the days preceding death. 

In 3 rabbits inoculated intramuscularly with 1 mgm. of a bovine strain, 
Herta Schwabacher (10) demonstrated bacillaemia only on one occasion 
(after 5 days), after repeated examinations of venous blood from the ear at 
intervals of 5 to 83 days. In 3 rabbits inoculated intravenously with 5 mgm. 
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of a bovine strain, bacillaemia was demonstrated on all occasions; on the 
other hand, one animal inoculated intravenously with a much smaller amount 
of bacilli (0.01 mgm.) never showed any evidence of infection in the blood. 


It is very difficult to correlate the results obtained by different workers. 
Some of them do not mention the amount of bacilli injected; others used 
such large doses of virulent microérganisms that the results obtained are 
obviously far removed from natural conditions. 

Nevertheless there seems to be agreement on the following points: 
after an intravenous injection, there is a rapid clearing within a few 
hours of all microdrganisms from the blood; thereafter, bacillaemia 
cannot be constantly demonstrated until shortly before death. 

Only a few experiments have been published in which bacillaemia 
was investigated in animals injected with small doses of bacilli by the 
intramuscular or subcutaneous route. Most of the results obtained by 
different techniques were negative. 

For these and similar reasons, it seemed worth while to take up again 
the whole problem of bacillaemia. A new method of testing the amount 
of bacilli in the blood-stream at a given moment was tried, the results 
being compared with those obtained by the Loewenstein technique. 

Specific problems in this experiment were the following: 


1: What is the course of bacillaemia in rabbits infected with a virulent bovine 
strain and inoculated (a) intravenously with a large dose of bacilli, (6) intra- 
venously with a small amount of the same strain, and (c) subcutaneously with 
a medium-sized dose? 

2: How reliable is the method used for detecting very small amounts of bacilli 
in the blood-stream? 


The method chosen made use of a nonspecific local inflammation as 
a site for the detection of bacilli escaping from the blood-stream. The 
introduction of a sterile irritant into the pleural cavity produces an 
intense inflammation, dilating the capillaries and slowing the circulation, 
causing exudation of serum and cells. It was thought that an artificial 
exudation produced in the pleural cavity would filter out particles and 
foreign bodies circulating in the blood. Since it has been shown by 
Menkin (11) that with strong irritants the flow of lymph from the 
resulting inflammatory area is impeded, and that particles that have 
reached the inflammatory focus are trapped in sutu and fail to return 
to the circulation, a certain concentration of tubercle bacilli circulating 
in the blood can be expected at the site of such an inflammatory zone. 
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Indeed Kettle (12) has shown that tubercle bacilli circulating in the 
blood are localized at the site of inflammation. Similar observations 
were made by Ascoli (13). Thus it was thought that the introduction 
of an irritant in the pleural cavity would not only create a filter for the 
bacilli in the blood-stream, but that the induced inflammation would 
prevent them from returning to the general circulation. 

Many attempts were made to determine the best irritant available 
and the most favorable time for tapping. Tests were made with: 

(1) Saline solution: This provided little exudation and was too quickly 
resorbed. 

(2) Aleuronat-starch suspension: (5 cc. of a suspension containing 
5 per cent of aleuronat and 3 per cent of starch). This produced fluid 
containing many cells, and caused a strong fibrinous reaction of the 
pleura. Numerous masses of aleuronat imbedded in the fibrin can be 
mistaken at autopsy for caseous tubercles and render difficult close 
examination of the macroscopical appearance of the lungs. 

(3) Terpinol: The injection of 2 cc., as advocated by Wagoner and 
Custer (14), caused a great amount of fluid but too strong a reaction in 
the parenchyma of the lungs, even, as in some cases, on the opposite 
side. The question then arose whether such a strong reaction would 
not be in itself a factor sufficient to mobilize bacilli from the tuberculous 
foci. Sections made at different levels in the lungs seemed to bear out 
this assumption. Therefore the results were discarded, and the animals 
treated by this method are not mentioned in this paper. 

However, when the injection of terpinol was reduced to 0.2 cc., very 
good results were secured. By this method a large amount of clear, 
serous fluid can be recovered after 24 hours; the reaction of the pleura 
is mild and the lung tissue is not traumatized, as revealed by micro- 
scopical sections. These clearly show that the inflammation produced 
in the pleural cavity does not spread to the parenchyma of the lungs. 
As a matter of control, in a few cases sections made from both lungs 
were compared. There proved to be no reason for the belief that the 
irritant was in itself sufficient to cause waves of bacillaemia; this had not 
been the case when more than a slight amount of terpinol had been used. 

The injection of the irritant into the pleural cavity must be made very 
accurately to prevent wounding the visceral pleura. A small slit was 
cut in the skin down to the subcutaneous tissue. The pleural space 
was found by pushing a very blunt needle adapted to a manometer. 
When the manometer showed definite negative pressure, about 30 to 
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40 cc. of air was injected into the pleural cavity in order to obtain a 
pressure of approximately zero. The irritant was not injected until 
the point of the needle was definitely felt to be loose in the cavity. 
Faulty injections (entrance of the irritant into the lung tissue) can be 
easily detected at autopsy, for the lung shows an area of pneumonia 
around the point of injection. 

Difficulties in locating the pleural space may arise when the left 
cavity is injected in an animal previously injected in the right. This 
is not due to adhesions but to compensatory emphysema pressing the 
normal lung strongly against the ribs. Adhesions have never been 
encountered on the uninjected side, even in very sick animals. 

Different methods of tapping were tried, namely, recovering 5 cc. of 
fluid every day for two to four days consecutively or recovering the 
whole amount of fluid 24 hours after the injection of the irritant. The 
latter method proved superior, but throughout the experiment the two 
techniques were used. 


EXPERIMENTAL PROCEDURES 


Rabbits of approximately equal weight were infected with a given 
amount of 3 to 4 weeks old cultures on glycerin-agar of the virulent 
bovine strain Ravenel. At various intervals, 0.2 cc. of terpinol was 
injected into the pleural cavity by the method described above, and 
the fluid produced was recovered 24 hours later in 2 to 4 cc. of a 5 per cent 
solution of sodium citrate. The tubes were centrifuged for about 20 
minutes at 3000 R/M, and the sediment was seeded without preliminary 
treatment on a series of tubes of Loewenstein’s malachite-green medium 
containing bone marrow infusion (15), and incubated at 37°C. for at 
least eight weeks. The colonies growing at that time were counted 
and their number correlated with the amount of fluid cultured. The 
figures mentioned hereafter in this paper refer to the number of colonies 
present in 5 cc. of fluid. 

At each tapping of the pleural fluid, as a control of the method used, 
4 cc. of blood were drawn from the heart in 1 cc. of citrate solution 
and cultured by various methods: (/) by seeding the whole blood on 
the medium; (2) after treatment with repeated washings with distilled 
water; (3) after treatment with 5 per cent acetic acid. Special precau- 
tions were taken to avoid contamination by bacilli from the lung tissue 
during the process of withdrawing blood from the heart, since this organ 
is very much displaced in the thorax by the presence of fluid in the 
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pleural cavity. Two cc. of blood were drawn into a syringe and dis- 
carded. With the needle still in place but with a new syringe an addi- 
tional 4 cc. of blood were withdrawn and used for culture after treatment. 

In some cases, after a few weeks had elapsed, and when there was 
evidence that the compressed lung had resumed its normal functions, 
the same procedure was applied to the opposite side. 

The animals were killed immediately after the last tapping and were 
closely searched for any evidence of faulty technique in the injection 
of the irritant or for signs of local infection at the site of the cardiac 
puncture; doubtful results were discarded. 


TABLE 1 


Tubercle bacilli in artificial pleural exudate following intravenous injection of large amounts 
of virulent tubercle bacilli 


AVERAGE 


AMOUNT 
OF TUBERCLE 
BACILLI 
INJECTED 


TIME AFTER 
INFECTION 
WHEN BLOOD 
AND FLUID 
CULTURES 
WERE MADE 


NUMBER OF 
COLONIES 
CULTURED 
5 cc. 

OF PLEURAL 

FLUID 


AVERAGE 
NUMBER OF 
COLONIES 
CULTURED FROM 
5 cc. OF BLOOD 


AUTOPSY FINDINGS*® 


R 16 
R17 
R 20 


R 19 


10 mgm. 
10 mgm. 
5 mgm. 


10 mgm. 


3% hours 
5 days 
9 days 
25 days 
13 days 


338 
70 
21,160 


140 
5 


1.25 
5 
contaminated 


No tuberculosis 

No tuberculosis 

Numerous tubercles in 
spleen and lungs 

Generalized tuberculosis 


* The autopsies were performed on the same date on which blood and fluid were taken 
for cultures. 
** Colonies were too numerous to be counted. 


Intravenous injection of bacilli: Table 1 shows that a constant bacil- 
laemia occurs in rabbits infected with a large amount of bovine type 
tubercle bacilli. Immediately after the inoculation, the number of 
bacilli in the blood-stream is very high, but it tends to diminish rapidly 
in the succeeding days, followed again by a rise as the infection proceeds. 

Table 2, showing the effect of intravenous injection of small amounts 
of virulent bacilli, presents practically the same picture as the curve 
of bacillaemia in animals infected with a large dose. There is constant 
presence of bacilli in the blood-stream, as the results from the pleural 
fluid clearly show. It seems probable that these results reflect what 
happens in the general circulation; the frequently negative blood cultures 
may be attributed to the inadequacy of the technique and not to the 


| 
| 
Din — 
| 
| 


TUBERCULOUS BACILLAEMIA 513 


absence of blood infection. The reasons for this assumption will be 
discussed later. 

As shown in table 2, after a very rapid clearing which has already 
been efficient in 24 hours, a few bacilli are constantly carried in the 
blood. In one case (rabbit RS 30) is seen the sharp rise prior to death 
which is always found in experiments carried until the animals die of 
tuberculosis. The other animals do not show the same rise of the curve, 
because they were sacrificed before the infection had killed them. At 
the given dosage, the Ravenel strain kills a rabbit in from eight to ten 


TABLE 2 


Tubercle bacilli in artificial pleural exudate following intravenous injection of 0.01 mgm. of 
virulent tubercle bacilli 


AVERAGE 
NUMBER OF 
COLONIES 
CULTURED 
FROM 5 CC. 
OF PLEURAL 
FLUID 


AVERAGE 
NUMBER OF 
COLONIES 
CULTURED 
FROM 5 CC. OF 
BLOOD 


TIME AFTER 
INFECTION 
WHEN BLOOD 
AND FLUID 
CULTURES 
WERE MADE 


MACROSCOPICAL AUTOPSY FINDINGS* 


days 
RS 30 1 19 
37 
RS 35 2 
RP 46 9 
20 
RS 83 18 
RP 10 27 18 
RP 11 34 23 
RP 8 37 35 


Sacrificed dying; generalized tu- 
berculosis 

No tuberculosis 

Discrete generalized tuberculosis 


A few tubercles in the lungs 
Generalized tuberculosis 
Generalized tuberculosis 
Generalized tuberculosis 


woooocc © 


* The autopsies were performed on the same date on which blood and fluid were taken 
for cultures. 


weeks. Differences in the individual resistance of the animals must 
naturally be taken into account. 

Subcutaneous injection of virulent bacilli: A series of rabbits were 
injected subcutaneously in the right groin with 1.0 mgm. of the Ravenel 
strain. At various intervals a pleurisy was induced according to the 
technique previously described and the exudate was cultured. Blood 
cultures were made from the heart blood at the same time. Special 
emphasis has been accorded to the earliest appearance of bacilli in the 
blood-stream. As, in the first days after the infection, the cultures 
were repeatedly negative, controls were made by guinea-pig inoculations. 
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In these cases the specimens of fluid and blood were divided into equal 
parts, one-half being used for culture, the other half being injected into 
one or two guinea pigs. 

Table 3 records the results of this experiment. As the cultures 
from the blood, and guinea-pig inoculation also, have been in every 
case negative, only the results obtained from the pleural exudate are 
mentioned. 

The data in table 3 present a somewhat different picture from that 
seen in tables 1 and 2. Bacilli can be detected in the pleural fluid three 
days after the infection, at the earliest. From that time on, the disease 
is seen to spread slowly, probably through small, discrete discharges of 
a few bacilli at a time. It is likely that now and then, either through 
septic embolism or by phagocytic activity, a few bacilli appear in the 
general circulation but are quickly engulfed by the tissues. As the 
infection spreads, the tuberculous foci from which these septic waves 
have arisen grow more and more numerous, with a consequent increase 
in the number and importance of the waves of bacillaemia. After 5 
or 6 weeks, under the conditions of the experiment, there is a constant 
overflow of bacilli into the blood-stream. 

The fact that bacillaemia consists of sudden and discontinued dis- 
charges of bacilli is clearly indicated by the fact that in some cases 
(rabbit no. 32) the results were at first positive and later became re- 
peatedly negative. This also explains why different authors record 
negative results from direct cultures from the blood. The moment at 
which the blood is withdrawn must coincide with the appearance in 
the blood-stream of one of those discharges, and it is now evident that 
the clearing process is quick and efficient until the infection becomes 
overwhelming. 

If these results have been easier to obtain in our experiments it is 
due to the fact that the whole blood is in a way filtered in vivo during 
many hours; even then the number of bacilli recovered is very small. 
It is understandable, therefore, that a small amount of blood, containing 
so few bacilli, will give negative results. 


DISCUSSION AND CRITICISM OF THE METHOD USED 


Throughout this experiment the view has been held that the observa- 
tions made on the pleural fluid were the exact representation of what 
happens in the blood-stream. The inference has been emphasized 
that the bacilli found in the exudate had been brought there by the blood 
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and retained by the exudate produced by the irritant. But there is 
one, and a very important objection that immediately arises: are we 
dealing with bacilli traveling free in the circulation or with bacilli re- 
leased by the inflammation from tuberculous foci involving the pleura? 
In order to answer this question, the following experiment was under- 
taken. 
Simultaneous cultures were made of the exudate and of a section of 
lung tissue bordering the visceral pleura. Directly after the tapping, 
the animal was killed by the ordinary means of injecting air into the 
vein. The thoracic cavity was opened aseptically and 200 mgm. of lung 
tissue were excised from the lower lobe on the side from which the pleural 
exudate had been withdrawn. The tissue was ground up with sterile 
sand and suspended in 10 cc. of saline solution. Three tubes of Loewen- 


TABLE 4 


Comparison of number of tubercle bacilli in lung and artificial pleural exudate following 
subcutaneous injection of 1 mgm. of tubercle bacilli 


TIME AFTER INFECTION 
tyre 5 CC. OF FLUID OF LUNG TISSUE 
days 
R43 7 0 1,200 
R44 9 1 1,170 
R 45 12 0 3,100 
R 40 40 4.35 ° 
R 39 41 9 ° 


* Colonies were too numerous to be counted. 


stein’s medium were seeded with the sediment directly; another portion 
of the sediment was treated with 1 cc. of a 6 per cent sulphuric acid 
solution and incubated for about 20 minutes at 37°C., and three tubes 
of the same medium were planted after neutralization with potassium 
hydrate. The number of colonies growing were counted after 8 weeks 
in the incubator; when contamination of the untreated specimens pre- 
vented the recording of the results these were computed from the growth 
in the treated tubes, the calculation being made on the apparently 
justified assumption that the treatment allows only one-fifth of the 
growth obtained normally without treatment (16). The results are 
recorded in table 4. 

It is clear that in the first twelve days following infection few if any 
tubercle bacilli can be found in the pleural fluid, although the lung 
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Later, however, when the bacilli in 


contains considerable numbers. 
the lungs have accumulated in tremendous numbers, and when the 


subpleural tubercles have undergone caseation with the development 
of a perifocal inflammation, significant numbers of tubercle bacilli can 
be found in the pleural fluid. Since a pleural exudate often contains 
some cells desquamated from the pleural lining it is plain that the 


CHART 1. 


Number of colonies. 
35 

i 


Trend of bacillemia. 
Actual bacillemia according to tab 2. 
— — Infection in the lung tissue (M.B. Lurie) (15) 


34 3ST 


12 18 20 
Days after injection of 0.0] mg. intravenously. 


interpretation as to the source of the bacilli in this pleural fluid remains 
subject to question. 

However, if a composite chart is drawn (chart 1) showing the rate of 
accumulation of tubercle bacilli in the lung, as has been done by Lurie 
(17), and compared with the general trend of infection obtained from 
the pleural fluid after the same mode of inoculation, we see clearly that 
the two curves, far from showing any tendency to gross parallelism, cross 
one another in the first third of the graph. Therefore it cannot be said 
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with certainty that the bacilli cultured from the pleural exudate are 
all derived from the blood. On the other hand the extensive and gen- 
erally accepted studies of Ranke, Hiibschmann, Pagel and many others, 
which indicate that at intermittent intervals tubercle bacilli are shed 
into the blood-stream from advancing tuberculous lesions, support 
the view that most of the bacilli cultured from the pleural exudate were 
actually derived from the blood. 


SUMMARY AND CONCLUSIONS 


1. A new method of detecting bacillaemia in rabbits infected with 
a virulent strain of tubercle bacilli has been tried. The value of this 
method is discussed. The method is based on the assumption that 
bacilli will tend to pass from the blood to the site of an artificial localized 
inflammation in the pleural cavity. 

2. There is a constant bacillaemia in animals infected by the intra- 
venous route, as indicated by the bacilli found in an artificially produced 
pleural exudate. 

3. There is a discontinuous bacillaemia in animals infected by the 
subcutaneous route as indicated by the same method. This bacillaemia 
consists of small discharges of short duration carrying very few bacilli 
and appearing from time to time at irregular intervals during the course 
of the disease. 

4. The number of bacilli cultured from the pleural exudate indicates 
a sharp rise of the number of bacilli in the blood-stream a few days 
prior to death. 

5. That some of the bacilli present in the pleural exudate may be shed 
directly from the subpleural pulmonary lesions has not been excluded. 


The author wishes to acknowledge his indebtedness to Dr. M. B. Lurie and Dr. E. R. 
Long for their valuable advice and to Miss Nelle Morley and Miss Mabel Seibert for their 
technical assistance. 
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TUBERCULOUS BACILLAEMIA IN RABBITS! 
2. Bacillaemia in Allergic Animals 
JACQUES P. DUCHAINE? 


In a previous paper (1) the results of a series of experiments on tuber- 
culous bacillaemia in rabbits were recorded. These were obtained by 
a new method, the value of which was discussed. 

It is now my aim to record the influence of allergy on the bacillaemia 
occurring in rabbits infected with the same virulent strain of bovine 
tubercle bacilli as in the previous experiments. 

In spite of the importance of this topic, very little work has hitherto 
been published; and all the workers have used guinea pigs, probably for 
the reason that bacillaemia is easier to detect in these animals than 
in rabbits. 

Ninni and Sanctis Monaldi (2) injected guinea pigs intraperitoneally 
with 1 mgm. of tubercle bacilli after having vaccinated them with an 
injection of BCG. Culturing the blood at regular intervals, they were 
able to show a much reduced rate of bacillaemia in the animals treated 
with BCG compared with controls. Using smaller doses (0.01 mgm.), 
they were unable to detect bacilli in the blood of the treated animals 
after 24 hours, whereas the controls showed evidence of bacillaemia for 
at least 10 days. Bacanu and Pezzangora (3) and Boquet and Laporte 
(4), working along the same line, reached the same conclusions. 

A brief summary of our previous conclusions is here indicated. 

It was found (1) that the artificial induction of an aseptic exudation 
in the pleural cavity resulted in the retention at the site of inflammation 
of bacilli circulating in the general circulation. By tapping and culturing 
this exudate after a few hours, a fairly accurate picture could be obtained 
of the extent of bacillaemia at a particular moment. It was concluded 
that a slight but constant bacillaemia occurred in animals injected 
intravenously with amounts as small as0.01 mgm. On the other hand, 


1 From the Laboratory of the City of Chicago Municipal Tuberculosis Sanitarium, Chicago, 
Illinois, and the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 

? Graduate-Fellow of the C.R.B. Educational Foundation, Inc. 
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subcutaneous injections of even a larger dosage called forth only an incon- 
stant flow of bacilli in the blood-stream, consisting in small discharges of 
microérganisms varying in amount and in frequency of discharge. 

The aim of this paper is to evaluate the effect of the general changes 
due to allergy upon these bacillary discharges. 

Reliance could be placed only on the intravenous route, as the exper- 
iment involves the use of control animals. As pointed out, animals 
injected by other routes show a few waves of bacillaemia, the inconstancy 
of which renders them unsuitable for control experimentation. As both 
series should be tried simultaneously, there would be very little prob- 
ability of one of those discharges occurring in both series of animals 
at exactly the same time. 


METHOD 


Allergy was induced by BCG vaccination. Two series of rabbits of 
approximately the same weight were used. One of them was given an 
intravenous injection of 5 mgm. of BCG. Nine weeks later, when, as 
Lurie (5) has shown, the avirulent bacilli had completely disappeared 
from the circulation, both series were injected intravenously with 0.01 
mgm. of the virulent Ravenel strain, 3 to 4 weeks old and growing on 
Loewenstein’s medium. In a few instances where there was a dis- 
crepancy of weight between the vaccinated animals and the controls, 
the amount of virulent tubercle bacilli injected was adjusted accordingly. 

At regular intervals, 0.2 cc. of terpinol was injected in the pleural 
cavity of one vaccinated animal and of one control. After 24 hours, the 
pleural cavity was tapped dry and the exudate seeded after centrifuga- 
tion, but without preliminary treatment, on Loewenstein’s malachite- 
green medium and incubated for at least 8 weeks at 37°C. 

At the end of this period, the number of colonies growing was counted 
and the results calculated for the amount of fluid recovered. In 
table 1 the number of colonies recorded is that in 5 cc. of pleural exudate. 


DISCUSSION 


Without discussing the value of the method used in the course of 
this experiment (for possible objections see preceding paper) I shall 
only emphasize the results recorded in table 1. 

It is known from previous experiments that a slight bacillaemia can 
always be detected in rabbits injected intravenously. After a very sharp 
decrease following the injection, only a small number of microérganisms 
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are consistently found in the blood. On this background of a discrete 
bacillaemia, we may sometimes witness the discharge of a much greater 
wave carrying bacilli in considerable numbers; this is probably due to 
the sudden breakdown of a tuberculous focus and subsequent embolism. 
This is illustrated in rabbit R 94. In this particular case no other 
reason has been found to account for the great number of bacilli found: 
in the boood-stream, as compared with 16 days previously. The animal 
was sacrificed the same day as the second tapping was made. The lungs 
were carefully searched for any evidence of perforation of the visceral 
pleura which might account for the release of bacilli from the lung into 
the exudate; nothing was found that could corroborate this idea. 


TABLE 1 


NONALLERGIC ANIMALS ALLERGIC ANIMALS 


Average number Average number 
Animal number of colonies cultured Animal number of colonies cultured 
in 5 cc. of fluid in 5 cc. of fluid 


RS 30 19 
R 35 
R 94 
R 95 
R 97 
RP 46 
R 99 
R 83 
R 94 
RP 46 
R 97 
R 98 
R 35 


an 


co 


NHK OR 
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In the case of animal R 88, the explanation is clearer. The rabbit 
was very sick at the time of the second tapping and advanced tuberculous 
lesions were found in every organ at autopsy. 

When the trend of bacillaemia in the nonallergic and in the allergic 
animals is compared, a great reduction in the number of bacilli recovered 
from the immunized animals is apparent. Except in one case which 
has been accounted for (R 88), the numbers in the allergic animals are 
very much smaller than in the controls. Whereas, during the first 
nine days, the bacillaemia in the controls remains practically at the 
same level, in the allergic animals the clearing process has been efficient 
in removing bacilli from the general circulation. 


| 
| 
i 
| 
| 
| INTERVAL BETWEEN 
CULTURE OF PLEURAL 
| EXUDATE 
days 
1 
2 
3 
4 .50 
9 
15 .31 90 
18 7 92 
19 87 
20 P 30 
29 5 89 
36 R 88 
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In a later phase, when in nonvaccinated animals the disease is pro- 
gressing in the tissues, again we see that the allergic animals are much 
more efficient in preventing contamination of the blood-stream. It is 
thus apparent that one of the effects of allergy is to enable the tissue 
reaction to free the general circulation more rapidly of the invading 
microérganisms. Following this, there occurs an enhanced capacity of 
the tissues to anchor and retain them and to prevent them from dis- 
seminating. It would appear that it is only when the general breaking 
down of the tissue immunity occurs, under the stress of the growing 
infection, that the blood is invaded by large numbers of bacilli in both 
series of animals. 

Ever since the fundamental researches of Krause and Willis, many 
workers, including Opie, Rich, Lurie, Menkin, Calmette, Boquet and 
others, have made it clear that allergy plays an important rdle in lo- 
calizing the lesions in experimental infections where the amount of 
bacilli injected is very great. The view seems justified, therefore, that 
the process is still more efficient in conditions encountered in human 
disease, where slight infections are the rule. 


SUMMARY AND CONCLUSIONS 


1. A test of tuberculous bacillaemia has been made in allergic and 
nonallergic rabbits by producing a pleural exudate and culturing it 
at regular intervals for tubercle bacilli. The allergy was induced by 
BCG vaccination. 

2. Under the conditions of experimentation, a constant bacillaemia 
has been found in the nonallergic animals. In the allergic animals, 
an inconstant bacillaemia can be detected. In twelve out of thirteen 
rabbits the number of bacilli recovered was much less in the allergic 
rabbits than in the controls. 

3. Tubercle bacilli injected in the general circulation tend to disappear 
from the blood much more rapidly in allergic than nonallergic animals. 
This clearing process requires about ten days in the latter, whereas in 
the former group, it is efficient within 24 hours. 

4, Allergic animals show an enhanced ability to anchor and retain 
bacilli finding their way into the general circulation during the course 
of the disease. Allergy thus reduces the dangers of dissemination 
through the blood. 


I am indebted to Dr. Henry C. Sweany for valuable advice given in the performance of 
this work. 
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THE FLOTATION METHOD OF SPUTUM EXAMINATION! 


C. RICHARD SMITH 


That liquid hydrocarbons may be used to separate tubercle bacilli 
from a watery suspension was first observed by Lange and Nitsche (1) 
in 1909 and applied by them to sputum examination. They liquefied 
the sputum with alkali, added water, and then shook it vigorously with 
ligroin. After standing, the ligroin separated out at the top and the 
tubercle bacilli were found in the “border scum” just beneath the hydro- 
carbon layer. By this hydrocarbon-extraction-flotation process they 
were able to demonstrate acid-fast bacilli in several sputa negative 
by direct smear. 

The principle of Lange and Nitsche has since been applied to sputum 
examination with various modifications. Bernhardt (2) substituted 
antiformin for alkali as a sputum solvent. Loeffler (3) used antiformin 
and chloroform, separation of the chloroform into a subnatant layer 
being hastened by centrifuging. Kinyoun (4) used an alkaline solution 


of hypochlorites and ligroin, shaking by machine and centrifuging. 
His procedure showed an increased efficiency of 19 per cent over direct 
smear examination. 


Sodium hydroxide, gasoline or xylol, extensive dilution, mechanical 
shaking, gravity separation and picric acid as a counterstain are the 
essentials of Pottenger’s method (5). Pottenger emphasizes the im- 
portance of distribution of the tubercle bacilli. Clumps of bacilli, he 
believes, are broken up by the solvent action of the hydrocarbon on 
interbacillary wax-like cement substances. He found 60 times as many 
tubercle bacilli in flotation as in direct smears and was able to detect as 
few as 1,000 organisms present in a 24-hour specimen. 

The superiority of picric acid over blue and green counterstains was 
first noted by Spengler (6). 

Andrus and MacMahon (7), using sodium hydroxide, chloroform and 
centrifugal separation, claimed bacillary increases of 90 to 240 times, 
as compared to increases of only 3 to 4 times obtained by them with the 
common sedimentation methods. Of 106 patients never positive by 


1 From the Barlow Sanatorium, Los Angeles, California. 
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smear, these authors found 58 per cent positive by chloroform extraction. 
The chloroform technique even proved superior to guinea-pig inoculation 
in their hands. 


PROCEDURE 


The procedure used is essentially that of Pottenger (5). The sputum. 
of three days is collected in an 8-ounce, wide-mouth bottle and shaken 
five minutes by machine, with an equal amount of 0.5 per cent sodium 
hydroxide. After incubation in a water bath for 30 minutes at 55°C., 
any debris collected at the bottom is pipetted off. The specimen is 
diluted to about 200 cc. with distilled water and shaken five minutes 
with 0.5 to 1 cc. of xylol. On standing a half hour or more, a cream-like 
layer forms at the top. This “cream” is skimmed off with a pipette 
equipped with a rubber bulb and the pipette placed in a rack at an angle 
of 45° for further layering. The clear subnatant-liquid is returned to 
the bottle and the drop of cream spotted on a glass slide which is kept 
on a covered water bath at 60°C. The skimming process is repeated 
until a spot three to six layers deep and about 1 cm. in diameter is ob- 
tained, each drop being allowed to dry before the next is added. The 
smear is washed with ether, stained ten minutes with carbol-fuchsin on 
the water bath, decolorized one to two minutes with 3 per cent hydro- 
chloric acid in alcohol and counterstained with 1 per cent aqueous 
picric acid. 


EXPERIMENTAL 


1. To gain some idea of the increase in the number of tubercle bacilli 
shown by the flotation test, as compared with the direct smear, from 
a selected sputum particle, seven consecutive preparations in which 
the direct smear showed one or more bacilli were chosen. Direct and 
flotation smears were each examined ten minutes. 

Table 1 shows tremendous variation in the comparative counts from 
an actual superiority for the direct smear to an advantage of 1,100 
times for the flotation smear. The average increase of flotation over 
direct smear is 85 times. 

2. To get some idea of the minimum quantity of tubercle bacilli 
detectable by the flotation test, we prepared sputa containing known 
amounts of bacilli. The tubercle bacilli were obtained from two to six 
weeks old cultures grown on a solid medium. They were weighed out, 
ground into suspensions, and mixed with 10 cc. portions of known nega- 
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tive sputum by shaking. Results of routine flotation tests are shown 
in table 2. 

Tubercle bacilli in a concentration of .000,001 mgm. per cc. of sputum 
were demonstrable by the flotation test in two out of three trials. In 
one out of two trials at a concentration of .000,000,1 mgm. per cc., 
one bacillus was found. 


TABLE 1 


NUMBER OF BACILLI FOUND IN TEN MINUTES 
SPUTUM SPECIMEN 


Direct smear Flotation smear 


130 
1,100 


Average per slide 


TABLE 2 


TRIAL 1 TRIAL 2 TRIAL 3 
MGM. OF BACILLI PER CC. 


OF SPUTUM 
: Strain 65, two and one-half 
Strain 24, four weeks old 


Strain 81, six weeks old 


01 33 per min. 
.000,1 14in 5 min. 90 in 5 min. 
.000 ,01 19in 5 min. 
.000 ,001 0 in 15 min. 3 in 20 min. 
.000 ,000, 1 1 in 13 min. 
.000 ,600 ,01 0 in 10 min. 
.000 ,000 ,001 Oin 7 min. 

Control 0 in 10 min. 0 in 14 min. 


3. To determine the importance of saprophytic acid-fast microérgan- 
isms as a source of error in sputum examination, the sputum of healthy 
employees, known not to have tuberculosis, was placed in a closed bottle 
and kept on a laboratory shelf. Flotation and cultural examination 
was made at intervals. At twenty-three days and thereafter up to 
four and one-half months a variety of acid-fast microédrganisms were 
demonstrable by flotation and culture. In the flotation smears they 
appeared as cocci, diplococci, bizarre rod forms, as well as forms indis- 
tinguishable from tubercle bacilli. 


a 
th 
2 1 
3 4 3 
a 1 40 
5 5 4 
6 1 100 
7 1 13 
1 
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Culture in no case showed typical colonies of tubercle bacilli. Three 
atypical growths were recovered: (a) smooth, glossy, smeary, yellow 
colonies showing, microscopically, acid-fast diplococci and irregularly 
shaped acid-fast rods with rounded ends, some of which were beaded; 
(6) smooth, dull, smeary, cream-colored colonies showing tiny, rather 
thick acid-fast rods; (c) smooth, glossy, smeary, bright orange colonies 
containing pale acid-fast rods of variable thickness, with or without 
deep-staining beads. Growths a and 6 were lost; c was inoculated into 
a guinea pig without the development of tuberculosis. 


RESULTS IN THE ROUTINE USE OF THE FLOTATION TEST 
Within two years, 1,248 sputum specimens from 260 persons have 
been examined simultaneously by direct smear and xylol flotation. 


TABLE 3 
Direct smears examined three minutes, flotation smears ten minutes 


TESTS PERSONS 


1,248 260 
124 30 
30 27 
52 39 
Negative by direct smear 1,170 218 
Negative direct smear, positive flotation 272 (23%) 64 (29%) 
Positive direct’smear, positive flotation 77 54 
Positive direct smear, negative flotation 1 0* 
False positives 0 0 


* Subsequent flotation tests were positive in this patient. 


Eleven hundred and twenty-six of the specimens were from 158 resident 
sanatorium patients, 126 from 93 expatients and 12 from 9 other persons 
suspected of having tuberculosis. Usually the sputum of inpatients 
was examined by flotation only where the direct smear had been negative 
for one or more months. 

Direct smears from likely particles or from the sputum-sodium-hy- 
droxide mixture were made on the same slide as the flotation smear and 
stained in the same way. Direct smears were examined a minimum of 
three minutes, flotation smears a minimum of ten minutes or until found 
positive. In patients never positive before, the finding of at least 7 
typical acid-fast bacilli in one specimen, or less than this in three speci- 
mens, was required for a positive report. 
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To get a fairer evaluation, a series was run in which both direct and 
flotation smears were examined three minutes and all direct smears were 
made from likely particles. Three hundred and eighty-eight simul- 
taneous tests were made on the sputa of 159 persons. For the purposes 
of this comparison all smears showing one or more bacilli are called 
positive. Results are shown in table 4. 

In the second series, excluding the results for nontuberculous, ap- 
parently cured and arrested cases, the flotation test showed 19 per cent 
more sputa and 28 per cent more persons positive than the direct smear. 

Among 158 sanatorium patients included in this study, 23 never 
positive by repeated direct smears were positive one or more times by 
flotation. Thirty-one patients were positive for the first time by the 
flotation test. 


TABLE 4 
Direct and flotation smears, each examined three minutes 


PERSONS 


TESTS 


Negative direct smear, positive flotation.............. 53 (14%) 27 (19%) 
Positive direct smear, positive flotation............... 23 22 
Positive direct smear, negative flotation............... 0 0 


Four patients were admitted to the Sanatorium in whom the presence 
of active intrapulmonary disease was highly questionable. Direct 
smears were negative. Flotation tests proved them to have tuberculosis. 

In another group of 6 patients, resident for several months or years, 
physical signs and X-ray pictures showed evidence of healing. Sputum 
examination by direct smear was negative. Were these patients ready 
to go home or to go to work? The flotation test revealed all to have 
positive sputum. 

In patients subjected to some form of surgical collapse of the lung, 
X-ray pictures and other clinical procedures cannot be depended upon 
to disclose the state of the disease. Here we have found the flotation 
test of great value. We have had 13 cases of pneumothorax, one case 
of oleothorax, and 3 cases of thoracoplasty in which X-ray pictures 
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indicated complete collapse of the lesions and in which the sputum was 
negative by direct smear but positive by flotation. 

Among 173 patients subjected to some form of collapse therapy, 
sputum smears were negative and flotation tests positive at six months 
in 16; six to twelve months in 18; one to two years in 16; and two to 
three years in 8. 

DISCUSSION 


We have made no direct comparison between the flotation test and 
other concentration methods. The significant features of the test 
are improved distribution of tubercle bacilli and cleaner smears. 

Distribution is a little recognized factor. Often it is more important 
than concentration. All the tubercle bacilli in a given sample may be 
contained in one small particle of sputum. To find these microérganisms 
more surely, distribution rather than concentration is desired. Not 
infrequently, more acid-fast bacilli are demonstrable by the direct than 
by the flotation smear, as shown in table 1. On the other hand, the 
flotation test is almost always positive when the direct smear is positive. 
Among 1,248 simultaneous tests, direct smear was positive and flotation 
negative in only one instance (table 3). The number of bacilli found 
in the concentration smear is not nearly as important as the certainty 
of finding some bacilli. 

Concentration tests, using the principle of sedimentation, have the 
disadvantage of concentrating other particulate matter as well as tu- 
bercle bacilli. Dirty smears are the result. The debris hides tubercle 
bacilli and makes examination more difficult. Flotation smears are 
relatively clean. 

Whether flotation or sedimentation produces the greatest concentra- 
tion of tubercle bacilli, I don’t know. Hydrocarbon flotation is capable 
of remarkable concentrating powers as shown by the ability to demon- 
strate as little as .000,001 mgm. of tubercle bacilli per cc. in a sputum 
sample of average size. 

The comparisons made between routine direct and flotation smears 
do not show the advantages attributable to picric acid as a counterstain, 
since both were stained in the same manner. Green and blue counter- 
stains give a better contrast and, of course, show secondary micro- 
organisms and cells present. On the other hand, they render opaque 
overlying cells and debris which may obscure many tubercle bacilli. 
Picric acid, a diffuse, nonselective stain, leaves the smear clear and 
transparent, enabling one to examine all depths. All extraneous matter 
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is stained an even blank yellow and acid-fast microdrganisms stand 
out prominently. 

The possibility of error due to incorrect staining and cross-contamina- 
tion is recognized. Insufficient decolorization is as dangerous as over 
decolorization. We have found that flotation smears will stand fifteen 
minutes of exposure to acid alcohol and that thirty minutes is required 
to cause a perceptible loss in the bacillary count. All glassware used 
is baked at a temperature high enough to destroy adherent tubercle 
bacilli. Only new corks are used. 

We believe the occasional presence of acid-fast saprophytes in sputum 
to be a very real source of error in any concentration test. These micro- 
organisms are ubiquitous. They have been found in grass, soil, air 
and water supplies. We have found them fairly often in routine sputum 
cultures and they are frequently seen in flotation smears. Ordinarily 
they are few in number but multiply rapidly during warm weather. 
Most of them are distinguishable morphologically. To avoid error, 
only typical, slender, acid-fast bacilli are counted. In questionable 
cases, laboratory consultations are held. Culture provides a good check. 
In 1,248 flotation tests, it is believed, there are no false positive reports. 

The flotation test is little if any more complicated than other concen- 
tration methods. The sputum remains in the collection bottle through- 
out the procedure. Results are obtained the same day. 

There are many reports in the literature showing the superiority of 
one or another concentration test over direct smear examination. In 
very few is the time of examination mentioned while, often, the two tests 
are not run on the same specimen. In the first series, shown in table 3, 
results are given as reported on the patients’ charts. Comparison here 
is not fair because of the difference in time of examination. In the 
second series (table 4), however, a well controlled comparison is pre- 
sented. The flotation test shows a superiority of 14 per cent for indi- 
vidual specimens and 19 per cent for persons examined; a corrected 
superiority of 19 and 28 per cent respectively. We submit these results 
as a reasonable estimation of the worth of the hydrocarbon flotation 
test in sputum examination. 


SUMMARY 


1. The results of examination of 1,248 sputum samples from 260 
persons, simultaneously, by direct smear and by the flotation test are 
reported. 
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2. Fourteen per cent of smear-negative specimens and 19 per cent of 
smear-negative persons were positive by flotation. 

3. Flotation smears showed an average of 85 times as many acid-fast 
bacilli as direct smears. 

4. Tubercle bacilli in concentrations as low as .000,001 mgm. per cc. 
in a 10 cc. specimen of sputum are demonstrable by the flotation test. 

5. Nonpathogenic acid-fast microdrganisms are frequently present in 
sputum and may be confused with tubercle bacilli. 

6. The advantages of flotation over sedimentation procedures are 
better distribution of tubercle bacilli and cleaner smears. 

7. The flotation test has proved of great value in the diagnosis and 
prognosis of those cases having very few tubercle bacilli in the sputum, 
particularly where collapse therapy has been used and X-ray pictures 
are not dependable. 
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THE CLINICAL VERSUS THE PUBLIC HEALTH POINT 
OF VIEW IN THE TREATMENT OF TUBERCULOSIS! 


F. M. POTTENGER 


INTRODUCTION 


Medicine has separated into two closely related groups of physicians— 
the practitioners of clinical medicine and the administrators of Public 
Health. The one, composed of private physicians, is particularly the 
guardian of the lives of the individuals who are ill; the other, composed 
of physicians occupying official positions responsible to government, 
is particularly the protector of the lives of the well. One holds the 
interest of the patient as paramount; the other, the interest of society. 

Public Health, being the offspring of clinical medicine, is younger 
and therefore biologically the more aggressive. While Public Health, 
as we know it to-day, was born with bacteriology and so is only a little 
more than fifty years of age, clinical medicine is more than twenty 
centuries old. However, clinical medicine is not suffering from the 
inertia of age, for recently it has been reincarnated with a scientific basis. 
Its rebirth not only made medicine more efficient but also made possible 
the birth and present day conception of Public Health. ‘For fifty years 
these great forces in civilization have been each increasing its own 
efficiency; and, together, they have marched forward battling for the 
health, happiness and success of the people. 

Where two forces of such strength and individuality, of such im- 
portance to mankind, are occupying fields and pursuing purposes which 
of necessity overlap, it is inevitable that some conflict should arise, for 
each is jealous of its own prerogatives and seeks to protect its own prov- 
ince. So, without it being carefully analyzed and openly recognized, 
a conflict of opinion is arising between practitioners of medicine and 
the administrators of Public Health as to what should be the dividing 
line between their activities; or, rather, to what extent and in what 
particulars they should overlap. 

The conflict is particularly in evidence where clinical medicine and 


1 Read at the joint meeting of the American Therapeutic Society and the Atlantic County 
Medical Society, Atlantic City, New Jersey, June 4, 1937. 
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Public Health come together in dealing with infectious diseases. It 
not only requires that the province of these two forces be more ac- 
curately established but also that the rights of individuals as compared 
with the rights of society be accurately defined and set forth. This 
conflict is particularly evident in such chronic infections as syphilis and 
tuberculosis, but arises, no less, in the treatment of other infectious - 
diseases which require restrictive measures for the protection of society. 


PUBLIC HEALTH VERSUS CLINICAL IDEALS 


In the case of tuberculosis this conflict is emphasized by the fact 
that the disease is long drawn out, is particularly prevalent among the 
families of working men, and goes hand in hand with low incomes and 
inadequate standards of living; and furthermore by the fact that in our 
present economic status from 70 to 90 per cent of tuberculous patients 
require public or private aid to enable them to secure the advantage 
of established treatment. Since most of the public sanatoria are under 
the jurisdiction of Departments of Health, this brings the treatment of 
most tuberculous patients under the care of physicians whose facilities 
for treatment are usually wholly inadequate for giving the best care to 
the individual, and whose training and practice lead them to recognize 
that the protection of society is paramount to the rights of the patient. 

Where the prevention of the spread of infection is given greatest 
attention, the course followed may not always coincide with best clinical 
practice. Prevention is especially stressed among the poor because it 
is so much more necessary to protect the children in these families than 
in those of higher economic standards who live in a better environment 
and who are treated by private physicians. Treating those who receive 
public care presents the problem not only of devising methods which 
will as quickly as possible render them incapable of infecting others, 
but, the same as those who are more fortunate economically, the problem 
of restoring them to the greatest possible degree of future independence. 
This latter problem is often insufficiently considered in the desire to 
accomplish the first objective. 

If the plan of treatment proves to be less favorable to the patient 
than that offered by the best clinical practice, the course is defended on 
the ground that the sacrifice which is made on the part of the individual 
will be compensated by the reduced danger of infection among those 
who associate with him, consequently in the lessened amount of disease 
in the next generation; and further by the fact that communities do not 
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have the necessary funds to provide the facilities for dealing with their 
tuberculosis problems in the most satisfactory manner. However, we 
must always bear in mind that hygienically treated patients who fail 
to secure a healing live much longer than those who are not the recipients 
of such care, and that this increases both the problem of prevention 
and the cost of care; so the only economy in treating tuberculosis is early 
diagnosis and immediate adequate treatment. 

Under present practice communities meet their tuberculosis problems 
largely by yielding to the demands of Public Health and overruling to 
a certain extent the ideals of clinical practice. They are too often forced 
to allow public good to overshadow the rights of the individual; and 
expediency to determine the course to be pursued. The necessity of 
making expediency override clinical ideals cannot be eliminated until 
governments provide ample sanatoria and ample medical and nursing 
service for all patients who require community care. This might be 
done at a saving to the community if a program were devised which 
would insure the treatment of tuberculosis in its early stages; and at 
this time a much larger percentage of patients can be restored to useful- 
ness by an expenditure of money far less in amount than that which is 
being expended on advanced cases to-day. 

It is frequently said that artificial pneumothorax is the greatest 
advance that has been made in the treatment of tuberculosis. It is 
evident that: (1) More patients who suffer from advanced tuberculosis 
can be treated successfully with pneumothorax than by physiological 
principles alone; (2) patients’ sputum may be rendered bacillus-free 
quicker by its use than by physiological principles alone; (3) more 
physicians are suited to the employment of such mechanical measures 
than to the daily routine of encouraging and guiding the patient so that 
he secures the benefit of a high physiological balance; (4) it gives the 
physician control over the.patient as long as it is administered, which 
is frequently sufficiently long for healing to be brought about; (5) the 
patient is obliged to codperate at least to the extent of returning for 
refills. It is equally evident that many patients who are treated by 
pneumothorax could secure a healing without it. 

Every tuberculosis specialist to-day recognizes the value of com- 
pression in the treatment of tuberculosis, and finds it absolutely necessary 
at times to the healing of the disease. They differ, however, in their 
opinion as to when it is necessary. By not rushing into collapse therapy 
it is often found that patients who at first seem to require it heal without 
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it; and, on the other hand, we must also admit that certain ones who 
seem to be favorable for spontaneous healing fail to heal and must be 
aided later by some form of compression. 


EFFICACY OF PHYSIOLOGICAL MEASURES AND DIFFICULTY 
IN APPLYING THEM 


Those who have been successful in carrying out physiological treatment 
by the usual hygienic-dietetic, open-air regimen realize how unimpressive 
it is, with its lack of spectacular appeal, how difficult it is to make the 
patient realize that nature will heal the lesion if he will live a restricted 
and directed life for a sufficient period of time. The patient is much 
more impressed by such operative procedures as injecting air or gas into 
the pleural cavity, crushing the phrenic nerve, intrapleural pneumo- 
nolysis and thoracoplasty. 

Nevertheless, it is not tuberculosis that requires operative procedures 
so much for its healing as advanced tuberculosis; and, except when far 
advanced, it is not the disease that provides the problems of therapy 
so much as the patient. Proper guidance of the patient, no matter 
what therapy is used, will increase the number of favorable results; 
and proper after-care will make permanent many arrestments which, 
without it, will be followed by relapse. 

The indications which are accepted as requiring compression to-day 
are too broad. They are present in many patients who may better be 
treated without it. In case a waiting period is established, to see if 
healing will take place without mechanical aid, it is often much shorter 
than is warranted by the known slowness with which pathological 
changes take place in clinical tuberculosis. The natural resistance of 
the patient, aided by the compensating mechanism with which he is 
normally provided, is sufficient to meet most of the demands of early 
lesions and many of the demands of more advanced disease. Where 
mechanical measures are to be employed, a temporary phrenic will 
often suffice; in which case the healing which follows is accomplished 
with little or no unnecessary permanent damage to the patient’s respira- 
tory mechanism. The efficacy of phrenic interruption is increased by 
keeping the patient in bed, with weights such as shot or sand-bags over 
the chest, following the operation. When these measures fail, pneumo- 
thorax, either with or without pneumonolysis, will often succeed. 
Probably because of our success in bringing serious cases to a successful 
issue, it is not sufficiently emphasized that the more advanced the 
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lesion the longer the required treatment; the greater the danger of 
complications; and likewise the greater the reduction in the patient’s 
future efficiency. This has one very important meaning in a community 
program. It costs dollars, and many of them. 

I sometimes wonder if we, as specialists, are not so impressed by the 
favorable results that may be obtained in advanced tuberculosis that 
we fail to grasp the seriousness of advanced disease and the serious 
consequences which often follow its treatment. 

Empyemata, nonexpanded lungs, and extensive fibrosis with com- 
pensatory emphysema are the prices that many tuberculous patients 
pay, even though they recover from the disease; and a prolonged treat- 
ment, a prolonged life, an extended dependence and an increased danger 
of scattering infection is the price which the community pays for failing 
to treat the disease early. If early diagnoses were made and immediate 
treatment instituted, whether it be physiological measures alone or 
physiological measures supplemented by compression, there would be 
a minimum of lung injury and a maximum of favorable results at a great 
saving of time and expense. The medical profession as a whole can 
render as great a service to tuberculous patients as it has to those suffer- 
ing from appendicitis by recognizing the disease in its early phases and 
seeing that proper therapeutic measures are immediately applied. 


THE USUAL METHOD OF DETERMINING WHEN PATIENTS ARE 
BACILLUS-FREE IS UNSATISFACTORY 


It is frequently stated that by compressing the lung we quickly render 
patients bacillus-free. Until we know how many of these patients 
whom we are treating so vigorously to-day will be restored to permanent 
economic independence, we cannot be sure of the efficacy of our program. 

The Ziehl-Neelsen method of examining sputum is recognized as 
inadequate as a basis for declaring a patient bacillus-free. It requires 
the presence of about 100,000 bacilli per cubic centimetre of material 
examined for the specimen to be positive by direct smear (Corper). 
Consequently patients carrying less bacilli than this number would not 
yield a positive microscopical result by the old method. 

We have had recourse to the dilution-flotation method, which is 
a refinement of the well known concentration techniques in which 
hydrocarbons are employed. This method with picric acid as counter- 
stain has been demonstrated by quantitative methods to be approxi- 
mately seventy-five times more sensitive than the direct smear made 
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from likely particles, where methylene-blue is used as a counterstain. 
This would reduce the number of bacilli demonstrable by the microscope 
to a little over 1,000 per cubic centimetre. Beyond this it is necessary to 
employ a guinea pig or culture methods in order to make a diagnosis. 

The dilution-flotation method has been used in our institution for 
twenty-three years as a routine procedure. We have noticed that we 
were not able to get our patients who were doing well free from bacilli 
in as high a percentage as had been reported by others. A tabulation 
of patients shows that less than five per cent of those who enter with 
bacilli pass the flotation test successfully, while under treatment. In 
a further tabulation of 1,700 separate examinations, all of which were 
positive by the dilution-flotation method, only about one-fifth would 
likely be positive by direct smear. 

The inaccuracy of the usual methods of determining when a patient 
is no longer casting off bacilli has given a wrong interpretation of results 
obtained under treatment and has probably blinded us to the true cause 
of relapse in certain patients who had been pronounced arrested. The 
fact is that many of these patients who have been discharged from 
treatment after a few months with supposedly negative sputum were 
still shedding bacilli; some probably daily, others every few days, some 
only every few weeks, and still others only under extraordinary conditions 
such as following a cold or bronchitis. Our experience demonstrates 
that patients may be bacillus-free for three or six months on three-day 
specimens and then have them reappear for a time, and repeat the 
process of disappearing and reappearing, yet all the time the patient 
is improving in a satisfactory manner. Furthermore, it is impossible 
at times to determine the point in the lung from which bacilli come. 
They may come from the contralateral lung when the lung with the 
most severe lesion has been compressed. 


A LONG PERIOD OF TREATMENT BEST PREVENTIVE OF RELAPSE 


A decided advantage in pneumothorax treatment as compared with 
hygienic measures alone, lies in the fact that treatment is carried on 
longer, it is not uncommon to keep a lung compressed for three or four 
years. In patients who are favorable for cure under nonoperative meas- 
ures I rarely find it necessary for even the advanced ones to carry out 
a strict regimen for more than eighteen months or two years; and the 
latter portion of this time is used in preparing them to resume work. 
I supplement the intensive treatment when they are resuming work 
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by a modified regimen during the first two or three years following dis- 
charge. This consists of much rest and an adequate amount of walking, 
the principle consisting of having the patient live within his daily store 
of energy and do the things which will keep up his strength. 

Frequent relapse is one of the most disappointing features of the 
treatment of tuberculosis. The cause can mostly be found in inadequate 
treatment, and a return to unfavorable environment with the resumption 
of a too strenuous life. We find that very few of our patients who 
are treated in the above manner suffer relapse of their disease; and fur- 
thermore, most of those with rare bacilli eventually become bacillus-free. 

The greatest advances in the future treatment of tuberculosis should 
come through its early recognition and immediate treatment. The 
tendency to heal is strong in most cases as long as the pulmonary tissues 
are elastic and capable of compensating. 

There are two main questions which determine the prognosis in a 
given case of tuberculosis: one local; the other general. The local 
factor is the ability of the pulmonary tissues and the enveloping struc- 
tures to compensate for the loss of tissue by lessening the size of the 
thoracic cage and by a compensatory enlargement of air cells on the 
part of the lung, so as to maintain a proper equilibrium between the 
size of the thoracic cavity and the contracting lung. This compensating 
mechanism is the one which collapse measures imitate. The general 
factor is the patient’s physiological equilibrium. Remembering that 
healing is a physiological process, it is necessary to maintain the highest 
possible state of physiological activity on the part of the patient while 
healing is going on. It is around these two factors that an adequate 
therapy in tuberculosis, either knowingly or unknowingly, has always 
been built. 

Early methods of treating tuberculosis were based wholly on an 
attempt to improve the general physiological state of the patient; and 
they proved sufficiently successful to establish the curability of tuber- 
culosis. This applied even in matters immunological, because im- 
munological reactions have a physiological basis. However, the failures 
in these early attempts were many, especially in the later stages of the 
disease when mechanical hindrances are prominent. The methods of 
treatment which have been devised more recently have been directed 
largely toward overcoming the mechanical hindrances which interfere 
with healing; often, too, with neglect of the physiological factors. 

Because compression is successful in early cases and also in many 
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of the later and more advanced ones where there is little hope of suc- 
cessful treatment without it, there is a tendency on the part of many 
clinicians to disregard or underestimate the results that may be obtained 
by utilizing the patient’s own physiological forces in treating cases 
which present no serious mechanical factors. Some of the most brilliant 
results in the application of pneumothorax have been obtained in early 
exudative lesions without widespread adhesions which have been re- 
sponding to the hygienic-physiological regimen since Brehmer’s time. 


EXPEDIENCY SHOULD NOT BE SO PROMINENT A FACTOR IN THE 
TREATMENT OF THE FUTURE 


We now have much of the necessary information at hand to determine 
more carefully than we have been doing the cases of tuberculosis which 
will heal with physiological measures alone and those which require 
surgical aid. Our opinion of the treatment which is to be employed, 
however, is always subject to modification by the circumstances under 
which treatment will be carried out. In order to be accurate in our 
estimate of these methods, we should differentiate between measures 
of necessity and measures of expediency. Because a patient can some- 
times be better controlled by compression, and because compressing 
a freshly formed exudate and cavity results in healing, must not be 
interpreted as meaning that these conditions of necessity call for com- 
pression. It goes without saying that if all patients could be treated 
ideally, that is, early and under ideal circumstances, and could be de- 
pended upon for a whole-hearted codperation, compression would rarely 
be found necessary to the actual healing of their lesions. However, this 
does not imply that expedience would not demand that many such 
cases be compressed. 

While expediency must, at the present time, dominate the treatment 
of those who fall under the Public Health branch of medicine, if for no 
other reason than the inadequacy of facilities for treatment, it should 
require no discussion to establish the right of each patient whenever 
possible to secure that treatment which is best suited to restore him 
to health and at the same time to enable him to secure the greatest degree 
of efficiency commensurate with the pulmonary involvement present. 

Not only immediate results but the permanency of results depends 
much upon the economic and social status of the patient. He who can 
return to a well regulated home, with pleasant surroundings and good 
food, has a great advantage in his future course. Few patients remain 
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in institutions long enough for cure to be accomplished. Their future 
depends much upon whether they can continue to live under conditions 
similar to those in institutions or whether they must go back to un- 
hygienic conditions and unfavorable environments. These facts must 
always be considered when choosing the type of treatment which shall 
be instituted in a given case. The treatment of tuberculosis, whenever 
possible, should be dominated by the best possible accomplishments of 
clinical medicine, but expediency, on the other hand, at times is the only 
factor capable of producing a result. 

In recent times the political aspects of tuberculosis have become of 
tremendous importance. Governments have been forced by advances 
in the scientific understanding of both the clinical and preventive phases 
of tuberculosis to provide large sums of money for prevention and cure; 
sums, however, which still fall far short of being adequate. Laws have 
been passed establishing hygienic conditions in workshops and homes 
that infection may be reduced to a minimum, and that those who are ill 
may be better cared for. Organizations are also seeking out the infected 
and providing treatment for those who require it. Thus science has 
called upon society to spend millions of dollars that posterity may 
escape the ravages of tuberculosis. It is up to medicine to see that 
this money is spent wisely, and that the best interests of both patient 
and society are conserved. 
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POSITIVE INTRAPLEURAL PRESSURE AS AN AID TO 
PNEUMOTHORAX THERAPY! 


GEOFFREY EDSALL? 


The use of positive intrapleural pressure as an adjunct to simple 
pneumothorax is a procedure of long standing. While it is recognized 
that there are cases in which an incomplete collapse, an unhealed cavity, 
or a stubbornly positive sputum may be remedied or benefited by com- 
pression of the lung, there are many phthisiologists who doubt that the 
procedure is safe and effective enough to be more than rarely justified. 
Furthermore, various other manoeuvres, such as intrapleural pneu- 
monolysis, have more recently been devised to remedy the circumstances 
formerly met by the use of increased pressure. The latter nevertheless 
remains the only nonoperative technique in general use at present, and 
this alone would justify an inquiry into its merits. 

Very few observations on the subject are available. Dunham (1) in 
1928 reported favorably on the use of high intrapleural pressures (10 cm. 
of water, or higher) in patients with pleural adhesions; he presented six 
cases showing good results. Amberson and his associates (2) have 
found that mild positive pressures (from plus 2 to plus 6 or 8), if kept 
relatively uniform by frequent refills, are often very useful for stretching 
small adhesions. They observed no increase in the incidence of compli- 
cations, but they have not found the method effective in the healingof 
cavities where broad adhesions are present. Genevrier and Descomps 
(3), in a study of the mechanism of pulmonary collapse, conclude that 
pressures greater than neutral can only be harmful, since they believe 
that attempts to stretch adhesions or to compress cavities usually only 
shift the mediastinum and compress the healthier lung. Likewise 
Lefévre and Delannoy (4), in advocating “expiratory zero” as an op- 
timum pressure end point, state that “the use of positive pressures 
(in expiration), rather than augmenting the static repose of the lesions, 
will on the contrary result in augmenting the dynamic traumatism which 
they will suffer.” Their conclusions, however, appear to be wholly 

1 From the Trudeau Sanatorium, Trudeau, New York. 

2 Cambridge, Massachusetts. 
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theoretical, and they give no consideration to the effects of increased 
pressure upon adhesions or cavities. 

The standard textbooks on pneumothorax give scant attention to 
positive pressure therapy. Riviere (5) states simply that adherent 
bands ‘‘may often be stretched or divided under refills of gas rapidly 
repeated, with a rising but moderate pressure. This method is without 
danger in skilled hands.” And he remarks later that “small positive 
pressures (plus 3 to plus 10, mean) are generally sufficient to maintain 
collapse.”” But he quotes Saugman as commenting favorably on the 
use of pressures as high as 30 to 40 cm. water. Dumarest (6) states that 
in cases with adhesions “it has been necessary to employ relatively 
elevated pressures (plus 11 to plus 16) in order to put the lung into a 
state of sufficient compression.” Fischer (7), in a recent briefer manual 
on the subject, gives no consideration to increased pressures, except as 
involving risks when rapidly induced. 

Since no detailed studies of the subject were to be found in the litera- 
ture, an analysis was made of the pneumothorax treatments administered 
at Trudeau Sanatorium during the years 1929 to 1933 inclusive. From 
a total of about 275 cases receiving pneumothorax, 68 were found in 
which, at some time during their stay, intrapleural pressures above zero 
on inspiration had been recorded. The standard of positive pressure 
thus selected is debatable, but, in the absence of general agreement upon 
the definition of such pressure, it was decided to include for consideration 
all cases in which the pressure had remained positive throughout the 
respiratory cycle for more than occasional refills. Of the 68 cases thus 
selected, 6 had received positive pressures too irregularly for considera- 
tion, 7 had developed at best only a pocket pneumothorax, and 12 
developed positive pressure spontaneously, as a result of effusion or of 
bronchopleural fistula. Hence 43 cases remained, in which positive 
pressures to a significant degree were induced artificially and were sus- 
tained over several refills. All such cases were regarded as suitable for 
consideration of the incidence of complications associated with positive 
pressure; but in only 30 of the cases were there data adequate for com- 
paring the effects of normal versus positive pressure. 

The reasons for employing positive pressure were sought in the records 
of the 30 cases wherein this treatment was applied after a control period 
on normal pressure. In 29 cases reasons were indicated as follows (in 
five cases more than one reason appeared): 
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(1) For adhesions, or ineffective collapse 
(2) For persistent cavity 
(3) For persistently positive sputum 


Significant adhesions were observed by X-ray, however, in all but three 
of these cases, so that it seems justifiable to assume that the usual reason 
for changing the pressure was the need for improving a collapse rendered 
inadequate by the presence of pleural adhesions. __ 

In seeking an evaluation of the results obtained with the use of positive 
pressure, it was found practical to consider the cases from the following 
standpoints: (1) effect on degree of collapse; (2) effect on Gaffky'count; 
(3) effect on healing of cavities; (4) general results; and (5) complications. 
These questions are considered in detail below. 

(1) Effect on degree of collapse: Following the percentage method 
of estimate employed at Trudeau, the increases in collapse observed 
following raised pressure were: (a) over 15 per cent in 15 cases, average 
pressure 5.25 cm. water; (5) 10 to 15 per cent in 9 cases, average pressure 
5.75 cm. water; and (c) less than 10 per cent in 6 cases, average pressure 
5.6 cm. water. The increases for the entire group averaged 17 per cent. 

Above are given the average pressures obtained in each group. These 
were calculated in order to determine whether results were consistently 
related to the pressure employed. It is apparent that such is not 
the case. 

(2) Effect on Gaffky count: In considering this question and the 
next one below, it was felt that cases afforded data suitable for compar- 
ison only if they exhibited readings for normal and positive pressures 
for at least two months each, and if they showed no signs of improvement 
during the two months preceding the commencement of positive pressure. 
In 17 such cases: 2 became Gaffky zero within two months, 7 showed 
a trend to a lower average Gafiky count, 6 remained essentially un- 
changed, and 2 became worse. 

(3) Healing of cavities could be compared in 13 cases, of which, under 
positive pressure, 10 showed definite acceleration of healing, 2 remained 
essentially unchanged, and 1 became worse (maximum collapse was 
60 per cent). 

(4) General resulis were regarded as good if the case, while under 
positive pressure, showed either an increase of over 15 per cent in collapse, 
a definite improvement in the healing of a cavity, or a definite decrease 
in the Gaffky count, provided that during the period in question the 
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condition of the patient in no respect became worse. The cases were 
grouped as follows: 


(1) Definite improvement 

(2) Improvement on positive pressure, relapse on lowered pressure 
(3) Slight or questionable improvement 

(4) No change 


Thus approximately half of the group (14 out of 30 cases) seemed to 
derive definite benefit from the increased pressure, and 7 more cases 
may have benefited to some extent. On the other hand, the 8 cases in 
groups 2, 5 and 6, representing difficulties in treatment, are of especial 
interest, and are therefore considered in detail. 

(5) Complications: In two patients severe dyspnoea required abandon- 
ment of higher pressures; one of these subsequently developed infiltration 
of the contralateral lung. Another developed a similar extension while 
under positive pressure. In one case a cavity expanded while under 
positive pressure (see section 3 above), while in another a cavity appeared 
only after abandonment of an apparently satisfactory pressure increase. 
Two patients showed temporary benefit following the elevation of pres- 
sure, only to relapse with extensive effusions and a rising Gaffky count. 
Another patient developed a cavity, after a good collapse ‘under positive 
pressure (85 per cent) had receded to 65 per cent. It is worth noting 
that, of the four patients relapsing under higher pressures, three never 
had more than a 70 per cent collapse. 

Among the 13 cases not subject to comparative analysis, two major 
complications occurred subsequent to the induction of positive pressure. 
One patient developed a bronchopleural fistula, following an emergency 
collapse for haemoptysis. Another died of tuberculous empyema; he 
had received minimal positive pressures for six weeks, returning to 
normal pressure six weeks or more before the first signs of effusion 
appeared. 

Fluid was apparently responsible for the occurrence of spontaneous 
positive pressure in 10 of the 68 cases. Among the 30 cases subject to 
comparative study, the occurrence of fluid was as follows: 


(1) No fluid while under pneumothorax treatment 
(2) Fluid appeared before rise in pressure 

(3) Fluid appeared during positive pressure 

(4) Fluid appeared after return to normal pressure 


(6) Pressure increase poorly tolerated... 2 
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Thus serious complications occurred in about one-seventh of the 
patients considered; the complications usually anticipated as a con- 
sequence of positive pressure (massive effusion, empyema, fistula) arose 
with comparative infrequency. 


DISCUSSION 


In the cases here presented, positive pressure was employed as an 
adjunct to simple pneumothorax, after the latter alone had proved 
therapeutically unsatisfactory. The question at hand is: Can the 
procedure be said to have justified itself? While the series of cases 
here discussed is small, there are nevertheless sufficient data to warrant 
an attempt at reaching conclusions. On the one hand, it has appeared 
that positive pressure was beneficial in one-half, or perhaps more, of 
the cases in which it was tried. This is particularly significant, in view 
of the facts that the average pressure employed was only 5.5 cm. water, 
and that in only 9 cases were pressures averaging more than 9 cm. 
applied. On the other hand, complications arose in about one-seventh 
of the cases. While it is impossible to determine the influence of positive 
pressure in the onset of each complication, it cannot be denied that 
such increases may be directly followed by extension, effusion, empyema 
or rupture of the lung. Such events, however, were quite rare in this 
series, and the experience of Amberson and of Riviere has evidently been 
similar. Moreover, though a slight risk of complications may be in- 
curred under positive pressure, the benefits that may be obtained are 
of great importance. Many cases of simple pneumothorax cannot 
obtain a collapse sufficient to produce adequate healing, and it frequently 
turns out that such a pneumothorax is worse than none at all. Nu- 
merous investigations, such as those recently reported by Bentley (8), 
have statistically confirmed the importance of obtaining complete 
collapse. In the present series, 11 patients obtained 90 per cent collapse 
or more only after the induction of positive pressure, and in several 
other cases a previously ineffective collapse was rendered effective, even 
though not complete, by a rise in intrapleural pressure. One cannot 
overlook the great value of such operative procedures as intrapleural 
pneumonolysis, which in recent years have often relieved difficulties 
formerly attacked less effectively by positive pressure. But there still 
remain many patients in whom the simpler procedure may accomplish 
the desired result. There were in fact two patients in the present series 
who improved on positive pressure after pneumonolysis had proved 
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unsatisfactory. In view of the considerations described, then, it seems 
reasonable to conclude that positive pressure pneumothorax has a definite 
(though limited) place in the treatment of patients having an inadequate 
collapse because of adhesions. 

The results obtained with cavities would be impressive, if the group 
were not obviously too small to merit conclusions. The changes produced 
in the Gaffky count are disappointing, since positive pressure is not 
infrequently applied in the hope of converting a positive to a negative 
sputum. Rapid changes in the sputum are seen as a rule, however, 
in early cases with relatively little chronic inflammation, and such cases 
are not as a rule submitted to increased pressure. 

In general, it would seem that any dispute regarding the safety and 
efficacy of positive pressure therapy may be based largely upon differ- 
ences in selection of cases, or in technique. While there is no doubt 
that positive pressures rapidly induced, or raised to an unduly high level, 
may produce disaster, there is on the other hand adequate evidence 
that slowly increased pressures of moderate degree, kept fairly uniform 
by small frequent refills, will incur little if any extra risk. And finally, 
while one cannot expect positive pressure to overcome the impediment of 
massive adhesions, it has often been noted that such pressure may 
stretch a smaller adhesion, and thereby render a collapse effective. 
Thus the results obtained by the use of positive pressure depend to 
a very large extent upon care in two primary considerations—selection of 
cases, and control of the technique. 


SUMMARY 


1. Sixty-eight patients, or one-fourth of the total receiving artificial 
pneumothorax during the period 1929 to 1933 inclusive, exhibited 
positive pressure at some time during their treatment at Trudeau 
Sanatorium. 

2. In 43 of these patients, significant positive pressures were induced 
artificially, and sustained for several refills. Thirty of these patients 
received both normal and positive pressures for intervals suitable for 
comparison. 

3. Analysis of the records of these 30 cases showed that: 

(a) Positive pressure was usually employed to improve a collapse 
rendered inadequate under normal pressures because of pleural adhesions. 
(b) Positive pressure in 15 cases produced an increase in collapse 
of over 15 per cent; the average increase in 30 cases was 17 per cent. 
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The increase obtained was not consistently related to the pressure 
employed. 

(c) In 13 cases healing of cavities under both types of pressure 
could be compared. Ten cases showed accelerated healing while under 
positive pressure. 

(d) In 17 cases with previously unimproved Gaffky counts, induc- 
tion of positive pressure was followed within two months by a negative 
sputum in two cases, and a lowered Gaffky count in 7 other cases. 

(e) General results following positive pressure were definitely 
good in 14 out of the 30 cases, and possibly beneficial in 7 others. 

(f) Complications possibly related to the use of positive pressure 
occurred in 4 of the 30 cases. In the 13 cases, wherein pressure effects 
were not comparable, two major complications occurred subsequent to 
the induction of positive pressure. 

4. The judicious and careful application of moderate positive pressure 
is a worth while procedure in selected cases where simple pneumothorax 
has failed to produce satisfactory collapse and healing of the lung. 
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TUBERCULOUS INFECTION IN NEGRO COLLEGES! 
PAUL B. CORNELY anp E. H. ALLEN 


The tuberculosis death rate for Negroes of all ages in the United 
States is, as has often been stated, from two to three times that of the 
white population. This inequality, however, is greatest in the younger 
ages. In 1930, the rate for the male Negro between the ages of 15 and 
19 was 7.1 times that of the white in the same age group, while the ratio 
of colored to white death rate in young women, 10 to 14 years of age, 
was 8.6 to1 (1). Between the ages of 15 and 44, tuberculosis is still the 
first cause of death for both racial groups. Therefore, the necessity 
for continuous vigilance in this age group, particularly in the Negro, 
is obvious. 

It is now recognized that the college is an important strategic place 
for attack on this disease. During the past five years, through the 
activities of the Tuberculosis Committee of the American Student 
Health Association (2), white colleges and universities have yearly 
devoted more and more time to this problem. On the other hand, except 
for a report by Scott (3) on the tuberculosis program being developed 
at Hampton Institute, very little has been said about this work in Negro 
institutions. In order to determine the extent of tuberculosis case- 
finding programs in these colleges, questionnaires were sent to 104 
collegiate institutions requesting information on the extent and results 
of tuberculin-testing of their students for the school years 1933-1934 
through 1936-1937. Thirty-five institutions with an enrollment of 
14,162, approximately 50 per cent of the total attendance in Negro 
colleges in the United States, responded. 

Table 1 shows that group tuberculin-testing is not common in Negro 
schools. Only one institution, as shown in table 2, has done tuberculin- 
testing on entering students for three consecutive years; 2 for two years, 
while three began this practice during the past school year. The other 
5 institutions have done the test irregularly or only in suspicious cases. 
Of the 11 schools, 8 stated that X-rays of reactors were taken. 

1From the Department of Bacteriology, Preventive Medicine and Public Health, and 
the Department of Student Health Service, Howard University Medical School, Wash- 
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INCIDENCE OF TUBERCULOSIS INFECTION 


The incidence of tuberculosis infection in a group is measured by the 
percentage of positive reactors. Obviously, it is very difficult at present 
to accurately estimate this for the 25,000 Negro college students. How- 


TABLE 1 
Number of Negro colleges which reported a tuberculin-testing program, 1933-1936 


NUMBER REPORTING TUBERCULIN-TESTING PROGRAM 


1933-1934 1934-1935 1935-1936 1936-1937 


Num- | Num- | Num- | Num- | Num- Num- 
berre-| ber | berre-| ber | ber re- ber re- 
porting} tested | porting} tested | porting porting 


Under 100 44 
100-299 372 156 
300-499 278 598 

500 and over 949 836 


1,599 1,634 


TABLE 2 
Results of tuberculin-testing in different Negro colleges, 1933-1936 


1934-1935 1935-1936 1936-1937 


— — Number | Per cent | Number| Percent | Number | Per cent 
tested | positive | tested | positive | tested | positive 


All colleges 309 26.9 | 1,599 | 27.6 | 1,634] 41.4 
Colored Agricultural and Normal Uni- 
versity 183 33. 
A. and T. of N. C 17. 23.5 301 
W. Va. State College 35.8 
Alcorn A. and M., Alcorn, Miss. 33.1 
Tillotson 18.2 
Knoxville College, Knoxville, Tenn... ... 25.0 
Shaw University, Raleigh, N. C 
Elizabeth City State Normal School... . 


Gammon Theological Seminary, 
Atlanta, Ga 63.6 
Howard University, Washington, D. C... 120 | 45.0 


ever, certain available data give a suggestion as to the prevalence of 
tuberculosis exposure among Negro college students. In tables 2 and 3, 
based on information from the questionnaires, it is seen that of 3,542 
students in eleven institutions tested during 3 years, 33.9 per cent gave 
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a positive reaction. Incidentally, it is also observed that the incidence 
of reactors varied from one institution to another, and in the same school 
from one year to the other. 

In the summer of 1935, the National Tuberculosis Association made 
available PPD free of charge to those Negro colleges and universities 
which were willing to carry out complete tests and send their results 
to the Association for compilation. Eight Negro colleges took advantage 
of this offer. The colleges and their location are shown in table 4. 


TABLE 3 
Total results of tuberculin-testing in Negro colleges, 1933-1936 


SCHOOLS REPORTING 


PROGRAM NUMBER TESTED PER CENT POSITIVE 


SCHOOL YEAR 


1933-1934 
1934-1935 26.9 
1935-1936 27.6 
1936-1937 41.4 


33.9 


TABLE 4 
Negro institutions in which tuberculin tests were made with PPD 


INSTITUTION STATE NUMBER TESTED 


Paine College Georgia 238 
Agricultural, Mechanical and Normal Arkansas 322 

College 
Alcorn A. and M. College Mississippi 278 
Wilberforce University Ohio 372 
Storer College West Virginia 93 
Maryland Normal College Maryland 120 
Virginia State College for Negroes Virginia 840 
West Virginia State College West Virginia 300 


Miss Jessamine Whitney, of the National Tuberculosis Association, 
kindly sent us the analysis and tabulation of the results of the 2,040 
students tested. These data are reproduced in tables 5 and 6. It is 
noticed that for all ages the percentage of positive reactors is 39.1. 
As would be expected, reactors gradually increase with age. There 
is also a marked difference between the two sexes. For all ages, the 
percentage of positive reactors was 44.0 for the male, and 35.4 for the 
female, a difference of approximately 10 per cent. This is true for 
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practically each year considered. This disparity between the sexes 
has already been noted in white students (4, 5); however, the inequality 
seems to be more marked in the Negro. 


TABLE 5 
Results of tuberculin-testing with PPD in eight Negro colleges in 1935-1936 
Male 


NUMBER Given | PER CENT POSI- | wiper GIVEN TOTAL PER CENT 


FIRST TEST aa SECOND TEST POSITIVE 


All ages 36.0 44.0 


15 
16 
17 
18 
19 


20 
21 
22 
23 
24 


25 
26 
27 
28 
29 


30 and over 
Age unknown 


Freshmen 
Sophomores 197 
Juniors 167 
Seniors 142 
Special 10 
No report 20 


The last tuberculin-testing survey to be considered is that of the 
Extension Department of the North Carolina Sanatorium. Under 
the direction of Dr. P. P. McCain, 9,149 college students, of whom 
2,538 were Negroes, have been tested in recent years with 0.1 mgm. 
of Old Tuberculin intracutaneously. The performance and interpreta- 
tion of the test, unlike the other two surveys, were made by an experi- 


AGE 
1 1 
4 4 25.0 25.0 
24 25.0 12 16.7 33.3 
67 32.8 32 15.6 40.3 
119 29.4 56 12.5 35.3 
156 37.8 67 16.4 44.9 
149 32.9 68 17.6 40.0 
124 37.9 60 20.0 47.6 
90 37.8 38 18.4 45.6 
44 40.9 22 18.2 50.0 
39 53.8 12 41.7 66.7 
22 50.0 10 20.0 59.1 
16 43.8 6 16.7 50.0 
6 33.3 1 33.3 
4 50.0 1 100.0 75.0 
P| 10 20.0 5 20.0 30.0 
11 36.4 1 36.4 
32.0 153 18.3 40.0 
38.6 90 15.6 45.7 
41.3 77 16.9 49.1 
40.1 63 23.8 50.7 , 
50.0 3 50.0 
10 10.0 5.0 
| 
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TABLE 6 
Results of tuberculin-testing with PPD in eight Negro colleges in 1935-1936 


Female 


NUMBER GIvEN | PZ® NUMBER GIvEN | PE® 
minst Test | seconp Test | 7S 


TOTAL PER CENT 
POSITIVE 


1,154 496 


15 
16 
17 
18 
19 


20 
21 
22 
23 
24 


25 
26 
27 
28 
29 


30 and over 
Age unknown 


Freshmen 
Sophomores 
Juniors 
Seniors 
Special 

No report 


TABLE 7 


Report of tuberculin tests of 9,149 North Carolina College students (0.1 mgm. Old Tuberculin 
intracutaneously) 


NUMBER OF PERCENTAGE OF 


NUMBER TESTED) pEACTORS REACTORS 


6,611 2,071 31.02 
2,538 1,119 48.02 


9,149 3,190 34.80 


553 | 
All ages 17.3 25.4 
4 25.0 1 25.0 
31 9.7 20 20.0 22.6 
86 18.6 41 12.2 24.4 
187 26.2 83 12.0 31.6 
221 29.0 92 12.0 33.9 
216 25.0 89 19.1 32.9 
170 31.8 71 25.4 42.4 
90 35.6 31 12.9 40.0 
56 25.0 26 11.5 30.4 
27 18.5 19 10.5 25.9 
18 22.2 11 18.2 33.3 
9 55.6 2 50.0 66.7 
7 85.7 1 100.0 100.0 
7 4 100.0 57.1 
3 66.7 66.7 
14 64.3 3 100.0 85.7 
8 50.0 2 50.0 62.5 
456 29.4 200 18.0 37.3 
277 24.0 133 19.5 34.3 
184 32.1 80 17.5 39.7 
168 33.3 46 19.6 38.7 
8 50.0 i 100.0 62.5 
61 36 
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enced clinic physician from the North Carolina Sanatorium. In table 
7 (6) it is noted that the percentage of reactors in this group is 48.0. 
This figure is much higher than those of the two aforementioned studies. 
The explanation for this disparity is not clear at present. It would be 
of interest to know something about the sex and age distribution of the 
subjects of this study. Of significance also is the fact that, although 
there is a great disparity between the percentage of white and Negro 
positive reactors, the X-ray findings of the two groups do not show these 
differences. This is well shown in table 8 (6). 


TABLE 8 
Result of X-ray study of 2,770 reactors among North Carolina students 


ADULT-TYPE TUBERCULOSIS | TUBERCU- 


Per cent Per cent 
Per cent of Per cent el 


of num- of num- 
number number 
ber tested X-rayed ber tested X-rayed 


1,799 0.63 | 2.6 13.8 
980 0.86 | 2.2 93 9.4 


2,779 0.69 2.5 309 ° 12.1 


COMPARISON BETWEEN WHITE AND NEGRO STUDENTS 


Accumulation of data from various white universities has shown 
that relatively high rates (from 40 to 60 per cent) are found in the 
colleges in the East and Far West, and low rates (from 20 to 30 per cent) 
in the Central States (4). The data for white Southern colleges, al- 
though extremely meagre, seem to show that the percentage falls between 
30 and 40 (5, 7). This range for Southern colleges is substantiated by 
the data for the general population reported by Whitney and McCaffrey 
(8) which give the percentage of positive reactors for the South Atlantic, 
East South Central, and West South Central States, as 39.3, 33.1 and 
23.4 respectively. Comparing this with the data from Negro colleges 
which for the most part are located in the South, the impression is 
derived that although the percentage of positive reactors in the Negro 
student group is higher, the difference is not as marked as would be 
expected in view of the higher morbidity and mortality. 

The small difference in positive reactors between the white and Negro 
college students has been said to be due to the fact that Negroes in 
colleges come from houses where the environmental, social, economic 
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and educational advantages are the best. This, however, does not 
seem to be the proper explanation. 

This same small difference in percentages has been found in grammar 
school where there is less selectivity (6). It has also been noted in the 
general population as shown by Whitney and McCaffrey. In our 
opinion, no explanation can be given at the present time. It must be 
remembered that the number of individuals who have been tuberculin- 
tested is still small. Many factors must be investigated before an 
adequate explanation can be given. 


SUMMARY AND CONCLUSION 


Although the death rate from tuberculosis is higher in the Negro 
than in the white population, particularly in the younger ages, little 
effort is being made to develop tuberculosis case-finding programs in 
Negro colleges. Only 6 of 35 colleges are doing tuberculin-testing 
on entering students regularly, and only one has done this for the past 
three consecutive years. The dearth of this activity is intimately 
associated with the lack of student health activities in Negro colleges. 

Available data seem to show that there is not much difference between 
the percentage of positive reactors in Negro and white college students. 
This seems to hold true in grammar schools and the general population. 
However, more extensive and uniform data are needed in this field 
before this can be positively stated. 
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A STUDY OF THE RESULTS OF TREATMENT OF PUL- 
MONARY TUBERCULOSIS IN MEXICAN AND 
WHITE PATIENTS! 


FRED R. HARPER? 


Considerable controversy has recently arisen over the type and severity 
of tuberculosis in Mexican compared with white patients. Rodriguez 
Pastor analyzed the results of two comprehensive studies made in Puerto 
Rico. He found that in neither study was any difference demonstrated 
between the forms of tuberculosis found among white and mulatto 
patients in Puerto Rico and that which is seen among white adults in 
the United States. 

Alarcén was unable to find any special anatomicoclinical features 
nor increased severity of tuberculosis among Indians and Mestizos as 
compared with that seen in white people. He attributed the great 
tuberculosis mortality among Mexicans living in the United States to 
five causes: (J) extreme poverty among immigrants, (2) exceedingly 
bad housing, (3) lack of health education, (4) their position as foreigners 
and (5) dangerous trades in which they work. 

Pinner feels that it is possible that adverse living conditions bring 
into clear manifestation some genotypic differences that remain hidden 
when the same people live under conditions that are for them normal by 
virtue of habituation and therefore adequate. 

Reports from this country describe a distinct form of tuberculosis 
which is found primarily in Negroes, Mexicans and Puerto Ricans. 
Grethmann calls this form of tuberculosis “‘protracted haematogenous 
multiform tuberculosis.” Grethmann describes the pulmonary lesions 
as being polymorphic and irregular without uniformity of distribution 
and lesions appearing and disappearing at intervals. In this form of 
haematogenous tuberculosis involvement of the lymph nodes and serous 
cavities is common. Also tuberculosis of other organs of the body 
frequently complicates the picture. 

One of the most characteristic features of these nonmiliary types of 


1 From the Southern Pacific Railroad Sanatorium, Tucson, Arizona. 
? Denver, Colorado. 
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haematogenous tuberculosis is the frequent association of extrapul- 
monary lesions. Reisner found that about two-thirds of pulmonary 
lesions found in association with extrapulmonary involvement presented 
characteristic features of the haematogenous group. Pinner, from a 
study of autopsy material, found that small tubercles of different age 
in both the lung and extrapulmonary organs were a characteristic feature 
of nonmiliary haematogenous tuberculosis. This he interpreted as 
meaning that several seedings had taken place at different times. 

I am reporting this group of cases because it may help to answer 
some of the contentions that have been brought out to explain the 
high death rate from tuberculosis among Mexicans in this country. 
The explanation generally centres around the poor living conditions, 
lack of nourishing food and inability to obtain good medical care and 
hospitalization among the Mexicans in the United States. 

In this study a group of 53 Mexican laborers is compared with a 
group of 209 white laborers. The patients were all male adults. They 
were all employed by the Southern Pacific Railroad at the time the 
tuberculosis was diagnosed. While the standard of living of the Mex- 
icans was undoubtedly lower than that of the white employees, they 
were receiving sufficient remuneration to provide adequate food and 
shelter. All of the patients were examined before they were employed 
and presumably did not have tuberculosis at that time. They were 
all provided with free medical attention during their employment. 
It was my observation that the Mexicans were as prone to avail them- 
selves of the free medical attention as were the white employees. After 
tuberculosis was detected all of the employees were given the same 
hospitalization under exactly the same conditions for a period of one year. 

A comparison of the two groups brought out a number of interesting 
points. In reviewing the histories it seemed that the Mexicans were 
more prone to be acutely ill at the onset of tuberculosis. The average 
duration of the symptoms before admission was less than six months 
in the Mexican group and slightly over eight months in the white group. 

A study of the roentgenograms on admission showed that 35 (66 per 
cent) of the 53 Mexican patients had what appeared to be haematogenous 
or exudative types of tuberculosis while only 13 (25 per cent) had pre- 
dominantly productive or fibroid lesions. In four cases the exact nature 
of the underlying lesion was not determined because of pleurisy with 
effusion. In the group of white patients only 17 (8 per cent) were 
haematogenous or exudative while 187 (89 per cent) were predominantly 
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productive or fibroid lesions. In five cases the lesions were atypical 
or not classified. In 41 (79 per cent) of the Mexican patients the lesions 
were bilateral as opposed to 142 (68 per cent) of bilateral lesions in 
white patients. Cavities were present in 22 (41 per cent) of the Mexicans 
and 131 (63 per cent) of the whites. 

In all of the Mexican patients reported here a positive diagnosis of 
tuberculosis was made by laboratory methods at some time during 
their hospitalization. However, in only 41 were tubercle bacilli found 
on direct smear at the time of admission. In 26 (50 per cent) of the 
Mexican patients the sputum remained positive while only 45 (21 per 
cent) of the white patients had a persistently positive sputum during 
their hospitalization. In some of the Mexican patients it was difficult 
to obtain a positive sputum. In several the sputum was negative on 
direct smear, but guinea pigs injected with sputum developed tuber- 
culosis. This is in accordance with the findings of Pinner and Reisner 


TABLE 1 
Results of treatment of Mexicans compared with whites 


DIED IN DIED 
ARRESTED | APPARENTLY | | | sawato- | wiTHin S 


OR CURED ARRESTED PROVED RIUM YEARS 


4 (7.5%)| 1 (1.9%)| 19(35%)) 4(7.5%)| 17(32%)| 25(47%) 
32(15.3%)| 33(15.8%)| 94(45%)| 9(4.3%)| 23(11%)| 44(21%) 


who report that in chronic haematogenous tuberculosis the tubercle 
bacilli are often difficult to demonstrate in the sputum. 

The progress of the Mexicans during their hospitalization was not 
encouraging. Among the Mexicans 49 per cent developed tuberculosis 
elsewhere in the body, whereas only 20 per cent of the white patients 
had extrapulmonary lesions. The extrapulmonary lesions in the Mex- 
icans were distributed as follows: pleurisy with effusion 11, tuberculous 
enteritis 6, tuberculous laryngitis 5, tuberculous epididymitis 4, tuber- 
culous meningitis 1, tuberculous peritonitis 1, tuberculosis of the knee 
1, tuberculous osteomyelitis of the skull 1, tuberculosis of the spine 1, 
and tuberculous rectal fistula 1. 

Collapse therapy was used in 71 per cent of the Mexicans as compared 
with 75 per cent of the whites. Of the 38 Mexicans in which collapse 
therapy was used, pneumothorax was used alone in 12 cases, phrenic 
interruption alone in 12 cases and phrenic interruption combined with 
pneumothorax in 13 cases. There were 5 cases in which an acute miliary 
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spread, and 7 cases in which haematogenous or bronchogenic spread 
occurred during the course of the pneumothorax. There was only 
one patient in which the lesion indicated and the condition warranted 
a thoracoplasty. 

The end results in the group of Mexicans were much less satisfactory 
than in the group of whites (see table 1). Of the Mexicans 32 per cent 
died in the sanatorium compared with only 11 per cent of the whites. 
Also 47 per cent of the Mexicans were dead within 5 years compared 
with 21 per cent of the whites in a similar period. Only 7.5 per cent 
of the Mexicans could be considered arrested or cured while 15.3 per 
cent of the whites were so classified. 


SUMMARY 


A group of tuberculous, adult, male, Mexican laborers is compared 
with a similar group of tuberculous, adult, male, white laborers; all 
were employees of the Southern Pacific Railroad. They all had similar 
occupations and all had the same advantages regarding medical atten- 
tion and hospitalization. The Mexicans were more prone to have 
haematogenous types of tuberculosis with a tendency toward the de- 
velopment of extrapulmonary lesions. Collapse therapy was less 
effective in the Mexicans and in some cases proved to be dangerous. 
The end results showed fewer cures and a much higher mortality rate 
among the Mexicans. 
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A TUBERCULOSIS SURVEY IN JAMAICA' 
E. W. FLAHIFF 


PURPOSE OF STUDY 


This paper covers a study of the epidemiology of tuberculosis in rural 
Jamaica, British West Indies, and is a condensed form of a more detailed 
report which is being published by the Government of Jamaica. 

In 1931 Wells and Smith (1) started surveys in Kingston, the capital 
of the island. Four separate districts, representing various economic 
classes of the population, were selected for these studies. The surveys 
in rural Jamaica were begun in March, 1932 and were completed by the 
end of May, 1934. The object was to secure information concerning 
tuberculosis in large and small towns and rural areas throughout the 
island comparable to that which had been obtained in Kingston. 

Since the greater part of the population of Jamaica outside of Kingston 
and Lower St. Andrew is very poor, the areas for study in the towns were 
selected to represent the poorest classes. In the selection of areas in 
the rural parts of the island outside of towns, the economic status of the 
population was not a factor, since practically all the peasants are of the 
poorest class. Since it was desirable to study tuberculosis in typical 
rural sections, eliminating in so far as possible contact of the population 
with that of town and city, rural survey areas were selected in sparsely 
settled districts situated as far distant as possible from main traffic lines 
and towns. 


DESCRIPTION OF JAMAICA 


The extreme length of Jamaica is 144 miles; its greatest width is 49 
miles. As shown on the accompanying map, the island is divided into 
fourteen parishes. It has a few small towns and many settlements of 
about a hundred persons each. The rest of the population is scattered 
throughout the rural areas. There are only three towns in addition to 
Kingston that are of any size, namely, Montego Bay in St. James, Port 


1 The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the International Health Division of The Rockefeller 
Foundation and the Government of Jamaica. 
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Antonio in Portland, and Spanish Town in St. Catherine, and none of 
these exceeds 15,000 in population. 

The last official census for Jamaica was takenin 1921. The population 
then was found to number 858,118, of which 456,145, or 53.2 per cent, 
were females, and 401,973, or 46.8 per cent, males. The estimated 
population on June 30, 1935, was 1,081,854. According to the 1921 
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Westmoreland 


SURVEY AREAS 
1. Montego Bay 6. Port Antonio 
2. Rural St. James 7. Rural Portland 
3 Spanish Town 8. Hope Bay 
4. Rural St. Catherine 9. Manchioneeal 
5. Kingston 


census, the percentage distribution of the population for the island, 
by race and color, was: 


per cent. 


Colored 
East Indian 


The density of the population was 193 persons per square mile, with an 
average of 4.4 persons per inhabited dwelling. There are 692 elementary 
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schools in the island with an attendance of about 125,000 children. 
About 53 per cent of the entire population are able to read and write. 

Jamaica is almost entirely an agricultural country. The largest part 
of its working population is composed of agricultural laborers or small 
farmers. There are about 100,000 peasant proprietors on the island. 
More than half the population over 15 years of age is engaged in tilling 
the soil or doing work connected with agriculture. The other adult 
inhabitants are largely merchants, shopkeepers, domestic servants 
and teachers. 


DESCRIPTION OF THE SURVEY AREAS 


The survey areas selected were as follows: (a) a large town (Montego 
Bay) and a rural area in the parish of St. James, to represent the western 
end of the island; (0) a large town (Port Antonio) and a rural area in the 
parish of Portland, to represent the eastern end of the island; (c) a large 
town (Spanish Town) and a rural area in the parish of St. Catherine, 
to represent the central portion of the island fairly close to Kingston; 
(d) two small towns at some distance from Kingston, one on the north 
shore (Hope Bay) and one on the eastern shore (Manchioneal), to 
represent conditions in small towns of the island. The location of these 
areas is shown on the map on page 561. 

St. James is one of the smaller parishes, with an estimated population 
in June, 1933 of 50,946. Its chief town, Montego Bay, ranks next to 
Kingston in point of commercial importance and is the third largest 
town on the island. Its population is estimated as 7,896. 

The parish of Portland had, in 1933, an estimated population of 
58,366. Port Antonio, its most important town (fourth largest on the 
island), is the centre of most of the shipping business for the parish, and 
has an estimated population of 7,526. 

The parish of St. Catherine had, in 1933, an estimated population of 
114,289. The largest town in the parish is Spanish Town, the ancient 
capital of the island, which has an estimated population of 10,433. 

Hope Bay is a small town with a population of 881, situated on the 
north shore of the island in the parish of Portland. It is a minor shipping 
point and a market centre for the inhabitants of the district. In these 
respects it is typical of all other small coastal towns on the island. Man- 
chioneal is a small town on the east shore of Jamaica in the parish of 
Portland with a population of 1,193, and is similar to Hope Bay. The 
small inland towns are well represented by these two communities, being, 
like them, market centres for the inhabitants of the surrounding districts. 
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METHOD OF SURVEY 


The field staff conducting the studies here reported consisted of the 
medical officer in charge of the survey, one nurse, and one secretary who 
also acted as laboratory technician. 

The first step in each area was to take a house-to-house census until 
a sample of approximately 1,000 residents had been visited in the rural 
areas, the whole population of the small towns, and a number of blocks 
in the large towns. 

The medical director and the nurse then went from house to house 
giving the tuberculin tests. This enabled them to meet all the indi- 
viduals in the survey areas, obtain their confidence, and answer any 
questions. 

The tuberculin test was given intracutaneously, and fresh dilutions 
were made daily for these tests. The initial test was with 0.01 mgm. 
of Old Tuberculin, given on the anterior surface of the upper left forearm. 
It was examined after 48 hours and, if negative, a second test, using 1.0 
mgm., was given on the anterior surface of the upper right forearm. 
Some investigators have used an intermediate test of 0.1 mgm., but in 
this work no reactions to 1.0 mgm. were severe enough to make an 
intermediate test necessary. The positive reactions were divided into 
four groups (one plus to four plus) (2): 


A reaction expressed by one plus (+) is a definite oedema, not more than 
10 mm. in diameter and raised about 1 mm.; the area of redness is less sig- 
nificant and is usually much larger. 


A reaction of two plus (++) is a well defined oedema in an area from 10 to 
15 mm. across and raised somewhat more than 1 mm.; with redness extending 
beyond the oedema. 


A reaction of three plus (+++) is an extensive oedema measuring more 
than 15 mm. across but with no necrosis of the skin; and in a few instances 
redness extending along the course of the lymphatics adjacent to the site of 
injection. 


A reaction of four plus (+-++-++) is extensive oedema, redness, and a spot 
of necrosis; it may be associated with malaise and an elevation of temperature. 


In these surveys only the persons who reacted to the tuberculin test 
were given X-ray examination of the chest. In the three large towns 
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each reactor was notified to report to the central office for an X-ray 
examination. As soon as the responses to this invitation began to fall 
off, a station wagon was secured from Kingston, and the reactors who had 
not presented themselves for examination were called for at their homes. 
This procedure served to increase greatly the percentage of reactors 
X-rayed. In the small towns and rural areas the reactors were notified 
to meet at certain points on one or two days of each week and motor 
buses brought them to the large towns for X-ray examinations. 

The X-ray unit was a Kelley-Koett portable X-ray machine, type 
L.D., serial 324, 115 volt, 40 cycles. A 30 M.A. Coolidge tube was 
used. The routine’ X-ray examination consisted in taking a single 
anteroposterior film. When these were read, suspicious cases, or those 
with incomplete diagnosis, were brought for further X-ray examination, 
and both anteroposterior and rotation films were taken. On every 
person who showed a lesion of any description a thorough physical ex- 
amination and a sputum examination were done and a detailed history 
was obtained. 


DISTRIBUTION OF POPULATION BY AGE AND SEX IN THE LARGE TOWNS, 
SMALL TOWNS, RURAL AREAS, AND JAMAICA AS A WHOLE 


In table 1 is shown the distribution of the population by age and sex 
in the three large towns, two small towns and three rural areas. In 
addition, the table shows the percentage of the total population by sex, 
in each age group, with a similar percentage distribution of the popula- 
tion for the whole island as given in the 1921 census. In the large towns 
63.5 per cent of the total population were females, and 28.7 per cent of 
the total population were under 15 years of age. In the small towns 54.3 
per cent were females, with 33.1 per cent of the total population under 
15 years of age. In rural areas 51.0 per cent were females and 36.5 per 
cent of the total population were under 15 years of age. 

If the distribution for the island as a whole is accepted as the normal, 
it is found that from infancy to about 20 years of age there is considerable 
variation in the percentage distribution of the population in the three 
survey divisions, with a higher than normal percentage of children in 
the rural areas and less than normal in the large and small towns. From 
about 40 years of age upward, the percentages of the population in each 
age group of each area closely approximate each other and the distribu- 
tion of the population of the island as a whole. There is a slightly 
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TABLE 1 
Distribution of population by age and sex in large towns, small towns, rural areas, and the Island of Jamaica 


SURVEY AREAS 


10-14 
YEARS 


15-19 
YEARS 


20-29 
YEARS 


30-39 
YEARS 


40-49 


50-59 
YEARS 


Large towns 
Population 
Per cent of total population....... 


Small towns 
Population 
Per cent of total population 


Rural areas 


Island of Jamaica 1921 census—per cent 
of total population 


8.0 


7.0 


Fe- 
Male male 


Fe- 
Male male 


124 
5.6 


91 
5.2 


5.4 


Male 


174 
7.9 


149 
8.6 


9.2/10.2 


7.5}10.1 


Fe- 
Male 


4.9 


Fe- 
Male male 


54 71 
3.2 


2,199 
99.9 


1,735 
99.9 


3,013 
100.0 


99.6 


Total population for Island of Jamaica according to 1921 census: 858,118—Males: 401,973, or 46.8 per cent; Females: 456,145, or 53.2 


per cent. 
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greater percentage of females in each instance. However, from 20 to 
39 years of age there is a wide variation, reaching a peak in the 20 to 
29 group. The females in the large towns are much more numerous, 
with a corresponding drop in the percentage of males. In the small 
towns a similar situation exists, but to a lesser degree. In the rural 
areas the reverse is true, with about normal percentage of females and 
a higher than normal percentage of males. 

The explanation lies in the occupation of the people. The females 
tend to migrate toward the larger centres to serve as domestic servants, 
sew, or work as laborers in loading fruit, breaking stone for road construc- 
tion, and other occupations. The males remain in greater numbers in 
the rural areas in cultivation work. The households are more stable in 


TABLE 2 
The distribution of the population in the three survey divisions, according to color 


LARGE TOWNS SMALL TOWNS RURAL AREAS 


Total Per cent of Total Per cent of Total Per cent of 


total tota total 
number population number population number population 


1,870 85.0 1,577 90.9 2,750 91.3 
245 11.1 70 4.0 150 5.0 
66 3.0 48 2.8 92 3.0 
18 0.8 40 2.3 21 0.7 


2,199 99.9 1,735 100.0 3,013 100.0 


rural areas, as shown by the increased percentage of children in the 
rural areas over the percentage found in the larger towns and small towns. 

The occupations of the inhabitants of large and small towns: As pre- 
viously described, the occupation followed in rural areas is entirely as- 
sociated with agriculture. In the large and small towns, adults are 
chiefly domestic servants, laborers, housewives and dressmakers. All 
of these, except laborers, are almost entirely females, and even among 
the laborers more than half are females. This illustrates why the young 
females tend to migrate to the towns, leaving the males to do most of 
the cultivation in rural areas. 

Color: The distribution of the population in the three survey divisions 
according to color is shown in table 2. The general distribution does 
not agree with that of the island as a whole, but shows a greater percent- 
age of blacks in small towns and rural areas than in the large towns. 
Since the majority of lighter complexioned natives and members of other 
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nationalities reside in Kingston, it is believed that the table is a fairly 
accurate representation of the distribution outside the capital. 


RESULTS OF TUBERCULIN TESTS 


The important epidemiological features of the combined three large 
towns, the two small towns and the three rural areas will be presented. 
In the large towns, the total population of the survey districts was 2,199, 
of which 1,480 (67.3 per cent) received complete tuberculin tests. In 
the small towns, the total population was 1,735, of which 1,453 (83.7 per 
cent) received complete tuberculin tests. In the rural areas, the total 
population was 3,013, of which 2,480 (82.3 per cent) received complete 
tuberculin tests. In all districts better codperation was obtained from 
the women, particularly in the large towns, because more women were 
found in their homes when visits were made. 

In table 3 is shown the percentage of persons who reacted to tuberculin, 
by age and sex. In the totals for both sexes, it may be seen that the 
percentage of female reactors for all areas is slightly higher than that for 
males. In none of the areas is there any significant difference between 
the sexes. The average percentage of tuberculin reactors for chil- 
dren and adults in these divisions is shown at the bottom of this table. 
(Throughout this paper, reference to “children” pertains to all indi- 
viduals under 15 years of age; persons over 15 years of age are classed as 
adults.) A significant feature of this table is the drop in the percentage 
of reactors in the age group 60+ in the large and small towns but not 
in the rural areas. 

Dr. Hugo Muench (3) has kindly fitted catalytic curves to these three 
groups, and the following is quoted from his remarks on the results. 


If the data are fitted only to the fiftieth year, the per cent positive in each 
case appears to approach a hundred. This would mean that the reversion 
rate is negligible. The annual rate of increase of positives on this basis for 
the three divisions is: 


The curves based on this rate fit the data very well up to fifty years, but 
after this they do not. Even the three rural areas, while they show no actual 
decrease of positives over fifty years of age, do after this time fall off con- 
siderably from the rate they have been following. 


per cent ' 
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TABLE 3 
The percentage of the population with completed tuberculin tests showing positive reaction, by 
age and sex 


LARGE TOWNS 


wit. 
Per cent 
complete 
tuberculin | Positive 
tests 


56 
100 


82 
112 


73 
88 71 


31 50 
97 85 


75 103 
308 177 


53 78 
171 106 


39 47 
79 ‘ 82 


17 42 
51 61 


10 52 
38 75 


436 611 
1,044 842 


1,480 1,453 


Percentage tuberculin-positive persons under 15 years of age: 


PC SMALL TOWNS RURAL AREAS 
Number Number 
with with 
P P 
complete | | complete | 
tests tests 
years 
ia M a 19.6 85 18.8 143 9.1 
F 21.0 75 20.0 113 8.0 
M 40.2 94 16.0 211 21.3 
F 38.4 110 21.8 193 10.4 
M 38.3 164 27.4 
F 29.6 137 | 30.7 
M 64.0 100 41.0 
{ F 62.4 140 | 45.7 
M 71.8 199 66.8 
— F 74.6 252 57.5 
M 88.5 140 72.1 
30-39 { F 75.5 194 (71.7 
M 83.0 84 76.2 
oo { F 89.0 138 73.2 
M 83.3 75 72.0 
F 85.2 | 76.6 
(| M 69.2 48 79.2 
Or F 74.7 65 73.8 
M 55.5 1,164 45.9 
Total.....{ F 60.1 1,316 48.1 
58.1 | 2,480 47.1 
Percentage tuberculin-positive persons over 15 years of age: 
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When the period 50-70 years is included the rates are changed somewhat 
as follows: 


Large towns A 


The relative difference between areas is much the same, but the curves become 
distorted in trying to account for the reversion rate exhibited in the last two 
decades. It looks almost as though there was a perfectly steady rate of 
increase in all areas for the first 40 or 50 years, and that considerable reversion 
occurred after this time. 


Table 4 shows the percentage of tuberculin reactors in each age group 
according to color. 

Black, dark brown and light brown represent the Negro population 
and various Negro-white mixtures and no other races. “Others’’ is 
a small group made up of East Indians, Chinese and a few Armenians. 
There is no appreciable difference in the trend of the curve in black, 
dark brown and light brown, showing that the tuberculin reaction among 
persons of racial mixture does not differ in frequency from that of those 
wholly Negro. In the group entitled “others” there are not sufficient 
numbers to draw definite conclusions. 

Table 5 presents the percentage distribution of the severity of the 
tuberculin reaction in each of the survey divisions. 

It will be seen that in the large towns the majority of the reactors in 
all age groups were sensitive to 0.01 mgm.; and approximately one-half 
of all reactions to 0.01 mgm. were two, three or four plus. 

In the small towns the majority of reactors in all age groups were 
sensitive to 0.01 mgm., but there was a larger percentage who reacted 
only to 1.0 mgm. than was found in the large towns. Similar to the 
large towns, approximately one-half of the persons who reacted to 0.01 
mgm. had two, three or four plus reactions. 

In the rural areas the picture is considerably changed. The per- 
centage of reactors who were sensitive only to 1.0 mgm. was comparable 
to that found in the small towns, but among the persons who reacted to 
0.01 mgm. there was a lower percentage who showed one plus reactions 
than was found in either large or small towns. 


2 A equals the annual rate of increase of positive reactions; B equals the annual rate of 
decrease of positive reactions. 


per cent 
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The following is offered as an explanation of these observations: 
(1) In large towns the increased density of population is more con- 
ducive to casual infection and hence the individuals in these areas are 


TABLE 4 


The percentage of tuberculin reactors in each age group according to color 
(All areas) 


COLOR 


Dark brown Light brown 


Number Per cent Number Per cent 
tested reactors tested reactors 


504 6.5 14 
715 23.2 24 
540 43.9 10 
450 52.9 15 
996 77.8 28 
652 81.7 15 
426 82.6 16 
302 . 90.9 12 
254 76.2 10 


4,839 144 


wn 
wn 


TABLE 5 
The percentage of frequency of reactors to tuberculin according to intensity of reaction, by age 


LARGE TOWNS SMALL TOWNS RURAL AREAS 


0.01 mgm. 0.01 mgm. 0.01 mgm. 


to Pai Pate 
2, 1 plus | mgm. 1 plus 
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much more liable to develop a positive tuberculin reaction. Since these 
casual infections may be frequently repeated, it is possible that the rein- 
fection produces a greater degree of sensitiveness (percentage of persons 


AGE Black Others 
Number Per cent Number 
tested reactors tested 
0-4 21.4 
5-9 16.7 
10-14 60.0 
15-19 60.0 
20-29 71.4 
30-39 80.0 
40-49 93.8 
50-59 83.3 
60+ 80.0 
60.4 |_| 
AGE 
0-4 7.1 $.i 0.4 5.3 
5-9 14.4 12.4 3.5 aa 
10-14 21.7 21.7 5.6 11.3 
15-19 26.6 32.0 10.8 15.4 
20-29 38.1 41.0 12.0 19.1 
30-39 41.1 42.9 14.2 21.0 
40-49 44.9 36.4 16.2 20.7 
50-59 41.2 47.1 12.4 16.0 
60+ re 43.7 19.5 15.0 
Total......| 29.7 30.9 9.6 14.2 
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who react to 0.01 mgm.) but with a tendency to maintain a balance 
between host and parasite at a stage of less severity (more reactors one 
plus to 0.01 mgm.). 

(2) In small towns the condition is somewhat the same except that 
with the decrease in density of population there is a decrease in the 
opportunity for casual infections, and a corresponding fall in the number 
of reactors. Similarly, the decreased opportunity for reinfection would 
explain the greater percentage who react only to 1.0 mgm. (healing stage 
of more severe infection). 

(3) In rural areas the smaller number of reactors would be explained 
by the lessened opportunity for infection. The increased severity of 
the reactions to 0.01 mgm. may be due to the relatively infrequent chance 
of reinfection. The persons who react weakly may be in the healing 
stage of a first infection, and many adults who are tuberculin negative 
may have completely healed first infections. Then, when and if reinfec- 
tion does occur, it may resemble a first infection and produce a more 
intense reaction, the even balance between host and parasite not being 
maintained. This would result in a wider band of reactors to 1.0 mgm. 
throughout life and more frequent intensive reactions late in life, and 
a lower level of infection in the population at large throughout life. 


RESULTS OF X-RAY EXAMINATIONS 


The classification of tuberculosis as given throughout this paper is 
that used at the Henry Phipps Institute in Philadelphia, as described 
by Opie (4): 


I. Manifest Pulmonary Tuberculosis 
(1) Manifest pulmonary tuberculosis with sputum negative for tubercle 
bacilli: 
(a) Adult type 
(b) Childhood type 


(2) Manifest pulmonary tuberculosis with tubercle bacilli in sputum: 
(a) Adult type 
(b) Childhood type 
A type called “undetermined” has been added for both sputum- 
positive and sputum-negative cases where doubt exists as to the 
proper classification. 


ws 
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II. Latent Tuberculosis 
(1) Latent apical tuberculosis 


(2) Latent infiltration (childhood type): 
(a) Soft or flocculent 
(b) Strandlike 


(3) Calcified pulmonary nodule 


(4) Tuberculosis of tracheobronchial lymph nodes: 
(a) Calcified 
(b) Massive caseous 


In this survey, as mentioned previously, no attempt was made to X-ray 
persons who did not react to 0.01 or 1.0mgm. of tuberculin. In following 
this procedure, undoubtedly a few calcified nodules of lungs or lymph 
nodes were missed. With manifest tuberculosis the reaction is rarely 
absent save in the terminal stages of the disease. 

In the large towns 1,062 persons reacted to tuberculin, and 884 (83.2 
per cent) received X-ray examination of the chest. In the small towns 
845 individuals reacted, and 582 (68.9 per cent) were X-rayed. In the 
rural areas 1,167 individuals reacted, and 1,029 (88.2 per cent) were 
X-rayed. 

About the same codperation was obtained from both sexes in all areas. 
In the small towns the percentage of reactors X-rayed was considerably 
smaller because they were not willing to complete the examinations. 

When the reactors to tuberculin are considered alone, it is found that 
the adults had a very constant percentage of lesions (all lesions combined, 
as revealed by X-ray examination) in the three survey divisions, varying 
from 7.7 to 8.2 per cent. Among reacting children, the percentage of 
lesions shown by X-ray examination was more variable (4.5 per cent to 
11.5 per cent) and higher in the large and small towns. 

In table 6 is shown the frequency of various tuberculous lesions in the 
three survey divisions. ‘To determine the population base for this table, 
the number of individuals with completed tuberculin tests was multiplied 
by the percentage of reactors actually given X-ray examinations, and 
this number was used in computing the indices of lesion frequency. 
This procedure is based on the assumption that the nonreactors had no 
lesions. As stated previously, a small number of calcified lesions were 
probably missed. 
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The total frequency of lesions was greatest in the large towns, next 
in small towns, and least in rural areas. The distribution of children 


TABLE 6 


The percentage of frequency of various tuberculous lesions revealed by X-ray examination, by age* 


LARGE TOWNS SMALL TOWNS RURAL AREAS 


Latent lesions Latent lesions Latent lesions 


Manifest tubercu- 
childhood type 
Manifest tubercu- 
losis 
childhood type 


Manifest tubercu- 
losis 


childhood type 
Calcified lesions 
Total lesions 
Infiltration 
Total lesions 
Infiltration 


Infiltration 
| Calcified lesions 


| Apical lesions 

| Calcified lesions 

| Apical lesions 

| Apical lesions 
Total lesions 


years 
0-4 
5-14 4 

15+- 0.13 


Total....} 1.4 | 0.08 


| 
> 


1.6 
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an 


.4 | 0.10 
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* Adjusted to total population given tuberculin tests. 


TABLE 7 


The percentage of frequency of various tuberculous lesions revealed by X-ray examination, by 
sex and age* 


LARGE TOWNS SMALL TOWNS RURAL AREAS 


Latent lesions 


Latent lesions Latent lesions 


tuberculosis 
Total lesions 
Manifest 
tuberculosis 
ical 
esions 
Total lesions 
Manifest 
tuberculosis 
ical 
esions 
Total lesions 


Manifest 


years 


20-29 


| 


bh 
w 


30-59 


2.0 | 3. 


20-59 


* Adjusted to total population given tuberculin tests. 


with lesions differs significantly from that of adults in the three survey 
divisions owing to the larger proportion of children with lesions in the 
large towns (x? = 7.333; P = .026). There were 32 persons with 


AGE 
0.33 
AGE SEX | 
M 1.6); — — — | 0.55 0.55 
om F 2.5 | 4.6; 1.7 | 8.8 | 2.5 | 3.3 | 0.82} 6.6} — | 6.8 | | 9.1 
M | 2.2 | 5.6] — |-7.8 | 2.9 | 3.8 | 1.9 | 8.7 | 0.37) 2.6 | 0.37] 3.4 
F 2.4] 8.2 | 2.0| 3.4]1.4] 6.8) — | 5.4] 2.6] 7.9 
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manifest tuberculosis found during the survey, giving indices of 1.4 per 
cent in both large and small towns, and .05 per cent in the rural areas. 
The frequency of latent lesions in adults is similar in all areas. It is 
suggested that in rural areas the inhabitants have as much chance of 
becoming infected sometime in their lives as persons in the large and 
small towns but, owing to lessened chance of repeated infections, or to 
living conditions (better nutrition, active life in the open, etc.) that 
favor the healing of lesions, the disease does not develop but resolves 
itself into a latent lesion. 

To show sex differences in the infection index, table 7 is offered. 
This table compares the adults in the age groups of 20 to 29 and 30 to 
59 years. 

The peak of the infection level among females occurs in the age group 
of 20 to 29 years, and the frequency of lesions revealed: by X-ray ex- 
amination is highest among females in this age group, in each of the 
three survey divisions. The frequency of the various types of lesions 
in the age group of 20 to 29 is considerably higher in females than in 
males. In the age group of 30 to 59 years the frequency of lesions is 
greater among males in the towns, but in the rural areas lesions among 
the females are more numerous. 


No attempt is made here to present the frequency of various tuber- 
culous lesions by color, since our total numbers in all groups except black 
are too small to be significant. 


THE RELATIONSHIP OF THE SEVERITY OF THE TUBERCULIN REACTION TO 
THE AMOUNT OF TUBERCULOUS DISEASE 


Table 8 shows the frequency of all tuberculous lesions, with varying 
intensity of the tuberculin reaction, in all areas combined. 

The trend of lesion frequency with the intensity of tuberculin reaction 
for all reactors given X-ray examination is significant (x? = 12.82; 
P = .005). That for children under 15 years is also significant (x? = 
13.17; P = .004). The trend for persons over 15 is not significant 
(x? = 5.736; P = .127). It will be noted that no lesions were found 
by X-ray examination in the age group of 0 to 4 years in reactors to 
1.0 mgm. of Old Tuberculin, but the percentage of lesions increases with 
the severity of the reaction to 0.01 mgm. Among children, aged 5 to 
14 years, the percentage with lesions increases with the intensity of 
the reaction up to ++ to .01 mgm., with which there is an exceptionally 
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high percentage of lesions. There is a drop in the percentage of lesions 
with +++ and ++-+-4 reactions. In the adult group there is also 
a rise in the percentage of lesions parallel with the severity of the re- 
action, but this is not so conspicuous as in children. 


TUBERCULOUS INFECTION IN HOUSEHOLDS WITH CASES OF LATENT 
TUBERCULOSIS, SPUTUM-NEGATIVE TUBERCULOSIS OR 
SPUTUM-POSITIVE TUBERCULOSIS (ALL AREAS) 


Table 9 shows the frequency of tuberculous infection in persons in 
household contact with cases of latent tuberculosis, sputum-negative 
tuberculosis and sputum-positive tuberculosis. 

The percentage reacting to tuberculin does not change unless the 
household contact is one of sputum-positive tuberculosis. The index 


TABLE 8 
The frequency of tuberculous lesions according to the severity of the tuberculin reaction 
(All areas) 


REACTORS TO 1.0 MoM. | 1 PLUS TO .01 MGM. 2 PLUS TO .01 MGM. 3 


Number Per cent Number Per cent Number Per cent Per cent 
X-rayed lesions X-rayed lesions X-rayed lesions . lesions 


21 15 . 10 10.0 14. 
127 . 103 ‘ 88 15.9 9. 
493 . 684 ‘ 667 8.8 10.0 


3 
1 


641 ‘ 802 ‘ 765 9.7 10.1 


then jumps from 60 to 94 per cent. Lesion frequency among persons 
in contact with sputum-negative tuberculosis is 8.2 per cent, as compared 
with 2.1 per cent for those in households where there are persons with 
latent lesions only. The tuberculin reactions of sputum-positive and 
sputum-negative contacts are significantly different (x? = 11.94; 
P = .000,5), but the frequency of lesions is probably not. 

Foreign travel or residence in Kingston: The number of individuals, 
in all areas, who gave a history of residence in Kingston is small. In 
the large towns 10.3 per cent of the population gave a history of foreign 
travel or residence in Kingston, while in the small towns 6.3 per cent gave 
such a history, and in the rural areas 3.0 per cent. Since the numbers 
giving this history are so small, no table of these data is included in this 
report. Consideration is limited to persons between 20 and 59 years 


he 
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of age, since they are the ones most affected. In large towns, the tuber- 
culin reaction in the group that has travelled is actually not so high as 
that for the remainder of the population. All other indices of infection 
are higher in the group that has travelled. None of the differences 
is significant. 

Household and sleeping room density: No analysis of the frequency of 
infection or disease, on the basis of household or sleeping room density 
of the population, is offered. Since the best measure of the severity 


TABLE 9 


The frequency of tuberculous infection among persons in accordance with the character of their 
contact with tuberculosis* 


(All areas) 


TUBERCULIN REACTORS WITH NO X-RAY LESIONS ONE OR MORE WITH LATENT TUBERCULOSIS 


Number Number Number 

Per cent of - y Percent | tuber- | Per cent of N =e Per cent 

reactors | reactors | jocions lesionst culin | reactors | reactors lesions lesionst 
X-rayed tested X-rayed 


45 20.0 
260 35.9 
1,674 77.9 


60.4 | 1,979 60.0 | 261 


ONE OR MORE WITH SPUTUM-NEGATIVE INE OR MORE WITH SPUTUM-POSITIVE 
TUBERCULOSIS TUBERCULOSIS 


14 | 28.6 $i — — 100.0 2 if | 50.0 
27 | 40.7 10 3 12.0 77.8 6 1 12.5 
60 | 78.3 39 + 8.0 100.0 it 5.6 


101 | 61.4 52 7 8.2 93.8 | 26 3 10.7 


* All “key” cases have been excluded, consisting of 147 latent lesions, 20 sputum-negative 
lesions, and 10 sputum-positive lesions. By “key’’ cases are meant cases in each household 
from which the diagnosis for the household was made. 

¢ Adjusted to total population given tuberculin tests. 

} Cases of manifest sputum-negative tuberculosis. 


of infection in the household, namely cases of manifest disease, is repre- 
sented by so small a number in this survey, the results of such an analysis 
would be inconclusive and would add no important data. The mean 
size of the households and mean number of persons per sleeping room 
are given below: 


Large Towns Small Towns Rural Areas 
Persons per household 6.055 + .040 5.795 + .038 5.684 + .030 
Persons per sleeping room... 3.075 + .024 3.075 + .022 3.810 + .020 


| 
4 AGE Number 
tuber- 
culin 
tested 
0-4 385 | 14.8 
5-14 969 | 30.8 52 2 1.4 
15+ 2,411 | 79.6 202 7 
| 
3,765 9 | ack 
0-4 
5-14 
15+ 
| 
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SUMMARY AND CONCLUSIONS 


1. In Jamaica the frequency of tuberculous infection as indicated by 
the tuberculin reaction is greatest in large towns, less in small towns, 
and least in rural areas. 

2. The frequency of clinically manifest tuberculosis is about the 
same in both large and small towns, namely, 1.4 per cent of the popula- 
tion; and less in the rural areas, namely, .05 per cent of the population. 

3. The percentage of latent lesions in the whole adult population of 
Jamaica is approximately the same in all survey areas regardless of 
density of population, and varies from about 3 to 6 per cent. 

4. The frequency of tuberculous infection (as indicated by the tuber- 
culin reaction) shows no difference between racial mixtures of Negro- 
white and of those wholly black. 

5. There is no evident difference in the frequency of tuberculin re- 
actions in the male and female sexes. 

6. The frequency of clinically manifest tuberculosis reaches its peak, 
among the women, in the age group of 20 to 29 in the large and small 
towns. The frequency of all lesions revealed by X-ray examination 
is also highest among the women in this age group in all survey divisions. 

7. There is a significant increase in frequency of all tuberculous lesions 
with the severity of the tuberculin reaction among children, but not 
among adults. 

8. Of persons between the ages of 20 and 59 who are living in rural 
areas, small towns and large towns, approximately 7 per cent have 
lived in Kingston or elsewhere away from home. The recorded fre- 
quency of manifest tuberculosis and of tuberculous lesions is greater 
in those who have travelled than in those who have stayed at home, but 
the numbers are so small that the differences are not significant. 


The author wishes to express his appreciation of the valuable assistance rendered by Dr. 
Persis Putnam in the analysis of the statistical data and for suggested interpretations. 
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STUDIES IN AVIAN TUBERCULOSIS! 


1. Avian Tubercle Bacilli in Generalized Disease in Swine 


A. B. CRAWFORD 


When the official program of the United States Bureau of Animal 
Industry for the eradication of bovine tuberculosis was started in 1917, 
it was assumed that tuberculosis in swine would decrease in direct ratio 
to the decrease in the disease in cattle, since it was believed that swine 
contracted tuberculosis almost exclusively from ingesting faeces of 
affected cattle or skim milk returned from creameries. However, the 
retention of swine for tuberculosis in federally inspected abattoirs con- 
tinued for many years at practically the same level. 

The avian type of tuberculosis in swine had been reported in sporadic 
instances prior to 1917, but the extensive réle played by the avian 
tubercle bacillus in the retention of swine for tuberculosis was not defi- 
nitely proved until Van Es and Martin (1) in 1925 reported the typing 
of avian tubercle bacilli from 185 of 209 swine showing lesions of tuber- 
culosis. The avian type disease was still not recognized as more than 
a mild infection confined chiefly to the lymph nodes of the alimentary 
system. 

In 1933, Stein (2) and Crawford (3) independently reported the 
recovery of avian tubercle bacilli from nodules in the spleen of swine. 

Recently Feldman (4) reported the results of a study of 30 specimens 
of lesions from swine condemned for extensive tuberculosis in an abat- 
toir in southeastern Minnesota in which 24 of the 30 cases were found 
by him to be due to the avian tubercle bacillus. As a result of this 
rather startling finding, arrangements were made through the officials 
of the Bureau of Animal Industry whereby this Station was furnished 
36 specimens from swine condemned for generalized tuberculosis in 
government-inspected abattoirs in the States of South Dakota, Minne- 
sota, Wisconsin, Ohio and Iowa. In these states, tuberculosis in poultry 
is known to be widespread and, with the exception of Iowa, the mor- 
bidity of tuberculosis in cattle was at that time less than 0.5 per cent. 


1 From the Animal Disease Station, Beltsville, Maryland, Bureau of Animal Industry, 
United States Department of Agriculture. 


579 


Ba 


‘580 A. B. CRAWFORD 


This work was of a preliminary nature in order to gain information 
for a broader survey and it is manifestly too small a number of specimens 
from such a wide territory on which to base an estimate of the compara- 
tive amounts of generalized avian and bovine tuberculous infection in 
swine in those states. Nevertheless, the fact that Feldman and the 
author found a majority of swine condemned for tuberculosis to be 
affected with the avian type of infection is significant that the avian 
tubercle bacillus is fast becoming of economic importance for other 
species of animals than poultry. 

The tissue specimens received from the respective abattoirs consisted 
of a portion of or the whole spleen and a few lymph nodes, usually the 
bronchial or mediastinal. With but one or two exceptions, the spleen 
was used for inoculation purposes. The typing tests consisted of (a) 
animal inoculation, (b) testing the inoculated animals with avian and 
mammalian tuberculins, and (c) cultural differentiation. 

The technique used in this work was as follows: About one gram of 
nodular material was removed aseptically from the spleen and emulsified 
in a sterile mortar with 5 or 6 cc. of sterile distilled water. The emulsion 
was filtered through sterile gauze and two guinea pigs and two rabbits 
inoculated with the filtrate, each guinea pig receiving 1 cc. subcutane- 
ously and each rabbit 0.5 cc. intravenously. Five or six weeks after 
inoculation, each animal was tested intracutaneously with avian and 
mammalian tuberculins. An area several inches square on the belly 
of each animal was clipped and shaved and 0.05 cc. each of avian and 
mammalian tuberculins injected about 1.5 inches apart. The tuber- 
culins used were prepared by the Biochemic Division of the Bureau 
and each cubic centimetre contained the equivalent of 0.25 gram of 
Koch’s Old Tuberculin. Several tubes of modified Léwenstein’s medium 
were inoculated with sections of infected tissue from each animal dying 
and, when colonies appeared, transfers were made to serum agar medium 
for cultural differentiation. 

Results of the typing tests: Of the 36 specimens, 21 were shown to be 
of avian type of tuberculous infection and 15 of bovine type. In each 
state were found both avian and bovine infection. The results of the 
three typing methods were in complete accord. 

During the typing of these swine lesions, several interesting obser- 
vations were made: first, that tuberculosis in rabbits does not follow 
a similar course in avian and bovine infection when the inoculation 
is made intravenously with small numbers of tubercle bacilli; second, 
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that in the guinea pig the sensitization method of differentiating avian 
from bovine infection can be used with accuracy and a saving of time, 
that the sensitization method of typing cannot be used in rabbits since 
in this species sensitization is relatively inconstant and not specific in 
all cases, and that dual infection, that is, simultaneous infection with 
avian and bovine tubercle bacilli, may be detected by the sensitization 
method. A deduction will also be made as to the possible bearing of 
avian tuberculosis on man as a result of the apparent increase in hosts 
of the avian tubercle bacillus. These observations will be referred to 
in separate papers. 


SUMMARY 


It has been known for a number of years that a great majority of 
the retentions of swine for tuberculosis in federally inspected abattoirs 
were the result of infection with avian tubercle bacilli, but this type 
of infection was thought to be of a nonprogressive nature and confined 
chiefly to the lymph nodes of the alimentary tract. 

In 1936 Feldman found 24 of 30 swine carcasses condemned for gen- 
eralized tuberculosis in an abattoir in Minnesota to be affected with the 
avian type of infection. 

This report covers the typing of lesions in 36 swine condemned for 
tuberculosis in five of the North Central States; 21 of the specimens 
were found to be affected with the avian type of tubercle bacilli and 15 
with the bovine type. 


REFERENCES 
See References at end of fourth article of this series. 
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STUDIES IN AVIAN TUBERCULOSIS! 


2. Comparative Virulence of Avian and Bovine Tubercle Bacilli for 
Rabbits and Guinea Pigs 


A. B. CRAWFORD 


In the preceding paper, mention was made of the typing in guinea pigs 
and rabbits of 36 specimens of tuberculous lesions from swine condemned 
for generalized tuberculosis. Of the 36 specimens, 21 were found to 
harbor avian tubercle bacilli and 15 bovine. 

In this paper will be described the comparative virulence of small 
numbers of avian and bovine tubercle bacilli for rabbits and guinea pigs 
as observed in the typing tests. 

Two guinea pigs and two rabbits were inoculated with suspensions 
of each specimen, the guinea pigs receiving 1 cc. subcutaneously and 
the rabbits 0.5 cc. intravenously. 

In table 1 are shown the numbers of acid-fast microdrganisms found 
in each of the 36 suspensions. Since a 2 mm. loopful of 0.000,1 mgm. 
of avian tubercle bacilli suspended in 1 cc. distilled water, spread over 
an area about 1.5 cm. in diameter, approaches the end point where 
acid-fast microérganisms can be demonstrated in ten minutes’ search, 
it will be apparent that the numbers of tubercle bacilli in these sus- 
pensions were exceedingly few in comparison to the numbers in standard 
typing tests where 1 mgm. and 0.01 mgm. respectively are used. This 
point is emphasized in connection with the susceptibility of the rabbit 
to avian and bovine tubercle bacilli in minute doses. 

Results in guinea pigs: In guinea pigs, bovine tuberculosis could be 
detected within a few weeks by the appearance of an open lesion at 
the site of inoculation, by an enlargement of the inguinal lymph node 
adjacent to the site of injection, and later by emaciation and death within 
two to four months from generalized tuberculosis. 

A few of the guinea pigs in avian infection showed a small open lesion. 
Of 8 that were killed for cultural purposes within two or three months, 
4 showed a very slight enlargement of the adjacent inguinal lymph node 


1 From the Animal Disease Station, Beltsville, Maryland, Bureau of Animal Industry, 
United States Department of Agriculture. 
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in the centre of which, on incision, a minute area of yellow necrosis or 
a droplet of yellowish pus was observed. No other lesion was observed 
except in one instance a very slight thickening of the spleen. None 
of the guinea pigs in the avian series died of tuberculosis. About six 
months after inoculation, the 34 surviving were killed and in only 4 was 
a lesion found, in each case being a slightly swollen inguinal lymph 
node with a centrally located yellowish granular area. In each of these 


TABLE 1 
Showing the number of acid-fast microérganisms found in suspensions prepared from lesions 
in swine condemned for generalized tuberculosis, used in inoculating guinea pigs and 
rabbits. Five to 15 minutes’ search was made of each preparation 


AVIAN TYPE INFECTION BOVINE TYPE INFECTION 


Number of acid-fasts of ~ 


Specimen number Specimen number 


8 
0 
6 


6 

2 per field 
2 
0 


4 
2 per field 


oworoacra 


four cases, smear preparations showed faintly staining acid-fast bodies, 
some whole and others in various stages of degeneration. 

Resulis in rabbits: In rabbits, interesting observations were made 
relative to the respective virulence of avian and bovine tubercle bacilli 
and the course of the disease caused by these two types of tubercle bacilli. 

In this investigation the bovine tubercle bacillus was shown to be 
decidedly more virulent for the rabbit than the avian tubercle bacillus. 


a 
1 2 
3 5 
4 6 
9 7 
8 
12 10 | 
15 13 
16 0 14 
21 17 
22 18 
24 19 
25 20 a 
27 1 23 4 
28 26 a 
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Thirty rabbits were inoculated with swine tissue lesions later proved 
to be caused by the bovine tubercle bacillus. Three died within one 
week, one died of enteritis 46 days after inoculation showing slight 
lesions of tuberculosis, and all of the remaining 26 rabbits died of tuber- 
culosis within a period of 43 to 99 days, the average length of survival 
being slightly more than 70 days. This corresponds very closely to the 
virulence of the bovine tubercle bacillus for guinea pigs on subcutaneous 
inoculation. 

Forty-two rabbits were inoculated with swine tissue lesions caused 
by the avian tubercle bacillus. Three died within one week and, of 
the 39 remaining, only 9 died of tuberculosis before the 99th day follow- 
ing inoculation. Eight others died of tuberculosis between the 116th 
and 178th days after inoculation. One rabbit died on the 40th day 
showing extreme emaciation but no visceral alteration or tuberculous 
involvement was apparent. Two rabbits died of intercurrent infection 
during the 99-day period showing lesions of tuberculosis but insufficient 
to warrant expectancy of death within this period, and 2 others died of 
intercurrent infection, 138 and 191 days after inoculation, respectively, 
in each only slight lesions of tuberculosis being observed. Six rabbits 
of this series were killed between the 73rd and 98th day after inoculation 
for cultural purposes. One showed no macroscopical tuberculous in- 
volvement but one tube of medium inoculated with the apparently nor- 
mal spleen of this animal developed 43 colonies of characteristic avian 
growth. The other 5 rabbits showed tuberculous involvement but not 
sufficiently progressive to warrant expectancy of death for several weeks 
to possibly several months. The remaining rabbits in this series were 
killed between the 101st and 219th day following inoculation, for cul- 
tural purposes or to close out the experiment. Slight to well marked 
lesions of tuberculosis were observed in all but one, the latter having 
apparently escaped infection. This animal was the mate of the one 
previously mentioned as being killed and showing no lesions, yet harbor- 
ing avian tubercle bacilli in the apparently normal spleen. Specific 
reference is made of this as reference will hereinafter be made to the 
fact that the two guinea pigs inoculated with the same swine lesion 
material developed a sensitization to avian tuberculin. 

It will be noted from table 1 that, as a whole, more acid-fast bacilli 
were found in the avian series of swine lesions than in the bovine series.* 


2 The fact that more avian tubercle bacilli were found in these suspensions than bovine 
tubercle bacilli opens a field for speculation as to whether avian tubercle bacilli are more 
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It is believed that the data show conclusively that the rabbit has prac- 
tically no resistance to the intravenous injection of the bovine type of 
tubercle bacillus. To the avian type of the tubercle bacillus, the rabbit, 
as the data show, exhibits a susceptibility but there is manifest a variable 
resistance to the rapidity of the generalization of the disease. 

The more manifest susceptibility of the rabbit to the bovine tubercle 
bacillus, when small numbers of tubercle bacilli are injected intravenously, 
is demonstrated chiefly in the major localization in the lungs by the 
bovine tubercle bacillus in contradistinction to a minor localization in 
this organ by the avian tubercle bacillus (see table 2). The only lesions 


TABLE 2 
Showing the comparative distribution of lesions in the lungs, spleen, liver, and kidneys of rabbits 
resulting from the intravenous injection of suspensions of tuberculous swine lesions 


LESIONS IN 


Lungs 


NUMBER OF RABBITS 
TYPE OF INFECTION 
Total affected 
Well-marked 

Total affected 
Total affected 


Extensive 


| Extensive 


oa | Well-marked 
bt & | Total affected 


on | Well-marked 


| Extensive 


oo 
ow 
NS bo 
© 


8 | 47) 58 
100} 27 35 91 46 | 34) 92 


Avian 44) 60) 32 8 53 
0 


26 Bovine | 100 


observed in the rabbits in this series and not mentioned in table 2 were 
in two animals which showed clusters of minute tuberculous foci on 
the intestinal serosa. 

In contrast to the extensive affection of the lungs of the rabbits in 
the bovine series, the lungs of the rabbits in the avian series showed 
comparatively slight involvement. These lesions consisted of scattered 
yellowish-white encapsulations up to 3 mm. in diameter, mostly under 


resistant to the destructive forces of the body than bovine, but are less toxic (Lurie). The 
tubercles in the spleens of swine in the bovine series invariably showed marked necrosis, 
whereas in only one specimen in the avian series was marked necrosis apparent macro- 
scopically. In this connection, Sabin and Smithburn have noted that avian phosphatide 
is less readily emulsified by monocytes than bovine phosphatide. 
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the pleura. In a few animals, the visceral pleura along the margin 
of the lung showed grayish necrotic areas which in some instances ex- 
tended a few millimetres into the lung tissue. Another salient point, 
in connection with avian infection in the rabbit, was the variation in 
the chief site of tuberculous localization. The spleen was most often 
the chief site of localization. The character of the lesions in the spleen 
varied, in some instances the organ having a smooth, swollen appearance, 
with no visible tuberculous foci, while in others the parenchyma mani- 
fested whitish encapsulations up to 2 mm. in diameter. The earliest 
joint tuberculosis observed in this series was 145 days after inoculation. 
Nine rabbits showed such lesions, 7 being classed as extensive, 1 as 
well-marked, and 1 as slight. Six rabbits showed clusters of tuberculous 
pearls on the intestinal serosa or peritoneum. One rabbit showed 
clusters of minute, whitish, tuberculous foci, about one inch wide and 
four inches in length on the subcutem of the belly. Two rabbits showed 
tuberculous involvement of the spinous processes of the lumbar ver- 
tebrae. One rabbit showed numbers of minute whitish foci in the bone 
marrow and stained smears of the marrow showed several hundred 
acid-fast microérganisms per microscopical field. 

One of the most interesting observations in connection with avian 
infection in rabbits was the presence under the serosa of the ileocaecal 
valve and the tip of the caecum of minute, whitish necrotic foci, pin- 
point in size up to 2 mm. in diameter. In the rabbit, the ileocaecal 
valve is a bulbous enlargement of the ileum at its junction with the 
caecum and the caecum is a blind gut about 18 inches long, tapering 
and sacculated up to within two to three inches of its blind end where 
the tissue takes on a smooth, lymphoidal appearance. Tubercle bacilli 
can be demonstrated in the foci in these sites. Eighteen of the rabbits 
in this series showed these minute, whitish foci under the serosa of the 
ileocaecal valve and the tip of the caecum, the number of foci usually 
varying from 5 to 25 but in some instances the entire surface of these 
sites was peppered. Usually more were found on the valve than on 
the tip of the caecum. Unfortunately this observation was not made 
until a number of the rabbits in the avian series and all in the bovine 
series had been examined. Lurie (personal communication) states that 
similar lesions occur also in chronic bovine infection. In those rabbits 
examined postmortem subsequent to 100 days after inoculation, lesions 
were found in these sites in all but two instances. One animal, killed 
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219 days after inoculation, showed lesions in each of these sites and the 
only other lesion observable was in one knee joint. 


SUMMARY 


In a series of 42 rabbits inoculated intravenously with suspensions 
of the avian type of tuberculous tissue from swine and a series of 30 
rabbits inoculated with similar suspensions of the bovine type of infec- 
tion in swine, the bovine tubercle bacillus was shown to be decidedly 
more virulent for the rabbit than the avian type. 

In the bovine series, 100 per cent of the rabbits died of tuberculosis 
within 99 days, whereas, in the avian series, only 23 per cent died within 
this period. 

In the bovine series, the lungs were the chief site of localization while 
in the avian series the lungs were only relatively slightly affected and 
the chief site of localization was variable. 
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STUDIES IN AVIAN TUBERCULOSIS! 


3. Sensitization Method of Differentiating Avian from Bovine Infection in 
Guinea Pigs and Rabbits 


A. B. CRAWFORD 


In 1927, the author (5) described the sensitization method of differ- 
entiating avian from mammalian tubercle bacilli. Briefly, this consists 
of injecting tuberculous animals with avian and mammalian tuberculins, 
the tuberculin homologous to the type of the infecting microérganism 
invariably causing the greater reaction. By its application to the 
bacillus Calmette-Guérin (BCG), this microérganism was shown to 
be of mammalian type. 

This method is used in typing tests at this Station where most of the 
tuberculous specimens examined are either of avian or bovine type and 
the considerable experimentation done in this connection has shown 
that the method is specific. Its application in the investigation of 
tuberculosis in swine, mentioned in the first paper in this series, is here- 
with described. 

About six weeks after inoculation with swine tissue suspension, each 
of the guinea pigs and rabbits was tested intracutaneously with avian 
and mammalian tuberculins. The reactions were recorded at the 
48th hour. 

In rabbits, the reactions seldom showed definition, being characterized 
by an erythema, usually mild, surrounding the area into which the 
tuberculin was injected, with a slight thickening of the skin. In no 
instance was there central necrosis. Some animals failed to react to 
either tuberculin. It may be stated that the reactions, as a whole, 
were more marked to the homologous tuberculin, but in some rabbits 
the difference was not marked and in one instance in avian infection, 
one of the rabbits showed more reaction to mammalian tuberculin than 
to avian. The inconstancy in the manifestation of specific and non- 
specific sensitization in the rabbit rules out the usefulness of this species 
for the sensitization method of differentiation. 


1 From the Animal Disease Station, Beltsville, Maryland, Bureau of Animal Industry, 
United States Department of Agriculture. 
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TABLE 3 
Showing reactions to avian and mammalian tuberculins respectively in guinea pigs injected with 
lesions from swine condemned for generalized tuberculosis. For the sake of brevity, only 
the first five of each type are shown 


REACTIONS 
KIND OF TUBER- 


COLIN INJECTED Thickness Central 
of skin Erythema necrosis 


6x 10 
None 
5x9 
None 


xxx 
x 
xxx 
xx 


None 
7x12 
None 
10 x 12 


4x6 
None 
4x10 
None 


2 
None 
3 
None 


None 


HW Rx Hohe 


Hono 


Mammalian 


Avian 
Mammalian 
Avian 


Mammalian 


HHoH Hono Ho» «non 


4 
it 
OUINEA TYPE OF 
1 1 | Avian 17 a 
Mammalian 6 Avia a 
2 | Avian 13 
Mammalian 8 2 
2 3 | Avian 9 Q 
Mammalian 35 a 
4 Avian None 
Mammalian 18 
3 5 Avian 15 
Mammalian 5 
6 Avian 20 
Mammalian 10 x 12 * 
4 7 | Avion 12x15 
Mammalian None 
8 Avian 10 
Mammalian 7 } Aa 
5 9 | Avian None — 4 
Mammalian 12x 15 10x 12 
10 Avian None None 4 
Mammalian | 14x 20 10 x 13 % 
6 11 | Avian 4 None i 
Mammalian 14 10 
12 Avian 8 None a 
Mammalian 15 8 ial 
7 13 Avian None None 
Mammalian | 14x 20 8x10 || vine 
14 Avian None None ‘tg 
18 11 
9 15 9x12 4 a 
None None 
16 11 3 
7 None 
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TABLE 3—Concluded 


REACTIONS 
KIND OF TUBER- TYPE OF 


CULIN INJECTED | Diameter in | Thickness — ee 
millimetres of skin necrosis 


Erythema 


17 Avian 0 None 
Mammalian 15 x 20 4x9 
18 Avian 0 None 
Mammalian 14x 18 3x7 


Bovine 


19 Avian 12 x 15 7x9 
Mammalian 11 x 13 None 
20 Avian 12 x 16 4x7 
Mammalian 6x9 None 


Explanation of symbols: x indicates slight 
xx indicates average 
xxx indicates extensive 


In guinea pigs, however, the results were remarkably clean cut and 
differentiable. In every instance, the reactions in guinea pigs definitely 
indicated avian or bovine infection (see table 3). At the 24th hour, 
reactions were evident and consisted of a diffuse inflammation of the 
skin over the injected area from less than one to several centimetres in 


diameter, with a beginning central necrosis or blanching on the side where 
the homologous tuberculin was injected. The differences in the re- 
actions to the two tuberculins were not so well marked at this period. 
At the 48th hour, when the final reading was made, the reactions reached 
their maximum definition; on the side where the homologous tuberculin 
was injected, the skin was thickened giving it a “‘plateau’”’ or mounded 
appearance, the central portion showed a clearly defined area of yellowish 
necrosis, and surrounding this an erythematous zone with well defined 
margins. The reaction to the heterologous tuberculin, when present, 
had the same general appearance with the exceptions that the area 
involved was smaller, the erythema less intense, and there was no 
central necrosis. The reaction to avian tuberculin in avian infection 
was not as voluminous as the reaction to mammalian tuberculin in 
bovine infection which would naturally be expected since bovine tuber- 
culosis in guinea pigs is a progressive disease and the sensitization in- 
creases with the extension of the lesions until the animal shows loss of 
condition. In table 3 are shown the results of typing tests in guinea 
pigs sensitized by swine tissue suspensions, five each of avian and bovine 
infection. 
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That the guinea pig which is naturally immune to the avian type 
of tubercle bacillus should show such a high degree of sensitization, 
especially in view of the small numbers of tubercle bacilli present in 
most of the suspensions (see table 1), seems truly remarkable. In order 
to obtain information as to the relative numbers of avian tubercle bacilli 
necessary to cause a sensitization to avian tuberculin in guinea pigs, 
an experiment was made in which groups of guinea pigs. were injected 
subcutaneously with serial dilutions of a suspension of young, virulent 
avian tubercle bacilli. Two guinea pigs received each 0.1 mgm. in one 
cc. of diluent, two, 0.01 mgm., and so forth until the last two received 
0.000,001 mgm. It was found that the smallest dose constantly capable 
of causing sensitization was between 0.000,1 and 0.000,01 mgm. of 
avian tubercle bacilli. In one guinea pig, 0.000,001 mgm. caused a 
sensitization to tuberculin. 

Accepting that there are one billion avian tubercle bacilli in one 
milligram of moist culture, it would therefore appear that about 10,000 
avian tubercle bacilli are necessary to sensitize a guinea pig to avian 
tuberculin. In many of the swine tissue suspensions it was impossible 
to demonstrate acid-fast microdrganisms in smear preparations, and 
this brings up the question as to whether or not tubercle bacilli in animal 
tissues are more capable of sensitizing than those grown on culture 
media. In this connection, it was observed in smear preparations of 
swine, guinea pig, and rabbit tuberculous lesions, that many acid-fast 
microdrganisms showed the presence of dark-staining granules, usually 
polar but sometimes centrally or eccentrically located. These granules, 
almost a bluish-black, were often half again the thickness of the bacillus 
and similar bodies were observed free. When slightly out of focus, 
these granules are refractile, changing from a bluish-black to a red color. 
The nature of these dark-staining granules is intriguing and suggests 
that they may be a resting or resistant form of the tubercle bacillus. 
A stained smear from a joint lesion in a rabbit affected with avian tuber- 
culosis showed approximately 30 per cent of the acid-fast bacilli with 
these dark-staining granules and a culture from this lesion on modified 
Léwenstein’s medium showed between 500 and 600 colonies, barely 
macroscopical but easily seen with a hand lens, in six days’ time. These 
colonies consisted of extremely minute acid-fast microdrganisms and 
later manifested the typical appearance of cultures of avian tubercle 
bacilli. The presence of the granular form of the tubercle bacillus in 
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tissues may explain the sensitization of guinea pigs by tissue suspensions 
even though acid-fast bacillary forms cannot be demonstrated. 

A pplication of the sensitization method of typing in mixed or dual infection 
with avian and bovine tubercle bacilli: In the 36 specimens of swine tuber- 


TABLE 4 
Resulis of the application of the sensitization method in dual infection with avian and bovine 
tubercle bacilli, with control groups 


GUINEA PIG AVIAN TUBERCULIN MAMMALIAN TUBERCULIN 


Avian tubercle bacillus | 59885 | 13 mm. T., v.i.3x5 | 7mm.5S.T., noi. 

infection only c.n. 
59886 | 12 mm. T., v.i.3x4 | 7 mm. node, s.i. 
c.n. 


Bovine tubercle bacillus | 59883 | 8 mm. node, s.i. 20 mm. T., i. 
infection only 59884 | 12 mm. T., sii. 20 mm. V.T., v.i. 12 c.n. 


Mixed avian and bovine | 59887 | 12 x 13 V.T., v.i. | 18 mm. V.T., v.i. 8x 11 cn. 
tubercle bacilli in one 4x7cn. 
site 59888 | 10 x 12 mm. T., i. | 26 mm. V.T., v.i. 15 mm. 

3x7cn. c.n. 

59889 | 10 x 12 mm. T., i. | 25 mm. V.T., v.i. 14 mm. 

6x9c.n. Cn. 

59890 | 10 mm. T.,i. 18 x 20 mm. V.T., v.i. 8 mm. 

beginning c.n. 


Avian tubercle bacilli in | 59891 | 10 mm. node, s.i. 30 mm. V.T., v.i. 10x12 c.n. 
right thigh and bovine | 59892 | 14mm. T.,i.5 mm. | 12 x 20 mm. V.T., v.i. 10 
tubercle bacilli in left c.n. mm. c.n. 
thigh 59893 | 12 x 15 mm. T., i. | 30 mm. V.T., v.i. 15 x 18 

4x7 mm. cn. mm. ¢c.n. 

59894 | 11mm. T.,i. 20 mm. V.T., v.i. no nec- 

rosis but 4 x 7 central 

blanching 


Explanation of symbols: 
T.—skin moderately thickened 
S.T.—skin slightly thickened 
V.T.—skin very thickened 
ii—moderately inflamed 
s.i—slightly inflamed 
v.i.—very inflamed 
c.n.—central necrosis 


culosis, described in this investigation, each was definitely of avian or 
bovine type. Of 209 specimens of swine tuberculosis examined by 
Van Es and Martin (1), 13 (6.22 per cent) were found to contain both 
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avian and bovine types of tubercle bacilli. The same authors (6) report 
4 cases (3.48 per cent) of mixed infection with avian and bovine tubercle 
bacilli in 115 cases of lymph node tuberculosis in bovine animals. It 
is quite possible, therefore, if further typing of swine tuberculosis is done, 
dual infection with avian and bovine tubercle bacilli will be encountered. 

In order to throw light on the efficacy of the sensitization method of 
typing such dual infection, an experiment was made in which guinea 
pigs were sensitized with avian and bovine tubercle bacilli and later 
tested with avian and mammalian tuberculins. The methods of treat- 
ment and the results of the tuberculin tests are shown in table 4. 

The results in these experimental animals were not so clear cut as 
in individual sensitization, but it is believed that the dual type of infec- 
tion can be detected by one practiced in reading tuberculin reactions. 
The criteria of dual infection would be well marked reactions with central 
necrosis to both avian and mammalian tuberculins and the reaction to 
mammalian tuberculin slightly more voluminous than that to avian 


tuberculin. 
SUMMARY 


The sensitization method of differentiating avian from bovine infection 
in swine tuberculosis is shown to be specific. Of 36 specimens, 21 caused 


in guinea pigs a sensitization specific to avian tuberculin and 15 to 
mammalian tuberculin. These figures were in complete agreement 
with the animal inoculation test and culture typing. The results of 
an experiment are shown which indicate that dual infection with avian 
and bovine tubercle bacilli may be detected by the sensitization method. 


REFERENCES 
See References at end of fourth article of this series. 
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STUDIES IN AVIAN TUBERCULOSIS! 
4. The Possible Réle of the Avian Tubercle Bacillus in Infection in Man 


A. B. CRAWFORD 


The discovery by Griffith (7) and Cumming (8) that the bovine 
type of tubercle bacillus is capable of causing generalized disease in 
man, the report of Harshfield and Roderick (9) and similar case records 
of the Bureau of Animal Industry of the finding of avian tubercle bacilli 
in generalized tuberculosis in sheep, a species of animal in which tuber- 
culosis is extremely uncommon, and the recent discovery by Feldman 
(4) that the avian type of tubercle bacillus is capable of causing gen- 
eralized disease in swine, might lead one to suspect that the various 
types of tubercle bacilli may be gradually assuming an increased virulence 
for those species of animals which were considered naturally immune, 
or, at least, very resistant to the respective types. 

“Species immunity”’ is usually a relative rather than a constant factor, 
since in many species highly resistant to various types of tubercle bacilli 
certain individuals may develop lesions of a type of tuberculosis heter- 
ologous to the animal species. The reverse order obtains in “‘susceptible 
species”’ where a majority will contract tuberculosis if given a certain 
amount of exposure while certain individuals of the same species exhibit 
a marked or total resistance to an equal degree of exposure. 

Another factor which undoubtedly operates in heterologous tuber- 
culosis, and to a lesser degree in homologous tuberculosis, is continuous 
or frequently repeated exposure over a long period of time. For instance, 
the relatively high incidence of the bovine type of infection in man in 
the British Isles can be associated with the high incidence of tuberculosis 
in cattle. It has been variously estimated that 25 to 50 per cent of the 
dairy cattle of England and Scotland are affected with tuberculosis 
and, amazingly, these percentages have not varied much during the 
last 25 or 30 years. With such a high incidence of bovine tuberculosis, 
it is quite evident that a large portion of the milk must be contaminated 
with bovine tubercle bacilli. Pasteurization of milk does not seem to 


1 From the Animal Disease Station, Beltsville, Maryland, Bureau of Animal Industry, 
United States Department of Agriculture. 
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have been as readily adopted there as in this country, and the result 
has been that many consumers of milk have frequently and over con- 
siderable periods been exposed to virulent bovine tubercle bacilli. 

In this country, avian tuberculosis has gained a definite foothold, 
especially in the North Central States. Surveys made in townships 
in some of these states reveal the fact that as high as 80 per cent of 
poultry flocks show infection. It is apparent that animals cohabiting 
on such infected premises must suffer frequent and repeated exposure 
to avian tubercle bacilli. An investigation made at this Station many 
years ago during the “‘bovo-vaccination” period, when experiments 
were being made in the use of the human tubercle bacillus in the vaccina- 
tion of cattle against bovine tuberculosis, supports the possibility of 
danger from repeated exposures toa heterologous typeof tubercle bacilli. 
During this investigation, cattle were injected intravenously with cul- 
tures of human tubercle bacilli; those receiving one dose suffered no ill 
effects and no lesions were observed when the animals came to autopsy; 
those receiving two injections showed scattered nodules in the lungs 
on postmortem examination; those receiving three injections showed 
extensive lung lesions and scattered lesions in other organs; those re- 
ceiving four injections became fatally affected with tuberculosis. This 
experiment has always seemed to the author to present very strong 
evidence of the danger of the oft repeated infection. It shows that 
natural immunity may be broken down, and it seems plausible to believe 
that the production of allergy by the initial exposure plays a réle similar 
to that of the childhood type of tuberculosis in man in its relation to 
subsequent infection. 

Whether or not avian tuberculosis presents a danger to man is a moot 
question. Meat of poultry is not ingested by man in a raw state. Eggs 
laid by hens affected with tuberculosis of the oviduct have been found 
to be contaminated with virulent avian tubercle bacilli, but only a small 
portion of the eggs from tuberculous flocks contain tubercle bacilli. 
Virulent tubercle bacilli are found more frequently in fresh than in 
storage eggs. The boiling of eggs, unless the yolk is thoroughly con- 
gealed, does not assure the killing of tubercle bacilli. It is conceivable 
that if contaminated eggs were ingested raw or only partially cooked, 
especially by persons of lowered resistance in whom such a practice might 
be prescribed, and continued over a period of time, it might lead to the 
tuberculization of such persons with the avian type of tubercle bacillus. 
Feldman (10) has shown that virulent avian tubercle bacilli are some- 
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times present in the apparently normal superficial lymph nodes of swine 
showing lesions in visceral nodes, and if such superficial nodes, apparently 
normal but harboring virulent avian tubercle bacilli, were incorporated 
in uncooked sausages, they would present another possible source of 
infection with this microédrganism. Dressers in poultry-killing establish- 
ments come more or less in contact with avian tubercle bacilli in handling 
the viscera of tuberculous birds. Persons tending tuberculous poultry 
undoubtedly suffer the greatest exposure to avian tubercle bacilli, not 
only by possible ingestion but also by inhalation of dust in contaminated 
chicken houses. The continuous scratching of straw and other litter 
by poultry pulverizes contaminated faecal matter and the dust thus 
raised is very apt to carry virulent tubercle bacilli. If avian tuberculosis 
is capable of becoming a menace to the health of man, it should be 
demonstrable in individuals in this group. 

It would seem from the exceedingly few cases of tuberculosis in man 
that have been ascribed to the avian tubercle bacillus that man is very 
resistant to this type of infection or that the amount of exposure offered 
is insufficient to cause infection except in extremely rare instances. 

However, if tuberculosis in poultry continues to increase as rapidly 
as it has in the last two decades, it will not be without danger to those 
human beings, at least, who are least resistant to this type of tuberculous 
infection. This possibility, although remote, adds a further argument 
to those already existing for the inauguration of a definite program 
leading to the control of avian tuberculosis. 


SUMMARY AND CONCLUSIONS 


The few proved cases of avian type of tuberculous infection in man 
indicate that the human species is very resistant to this type of infection 
or that the amount of exposure is insufficient to cause disease except 
in rare instances. 

Persons tending tuberculous flocks suffer the greatest exposure, not 
only by possible ingestion but also by inhalation. The chief manner in 
which the general population may be exposed is through the ingestion 
of eggs from hens affected with tuberculosis of the oviduct. If tuber- 
culosis in poultry were to become so widespread as to increase the fre- 
quency of man’s exposure, it is conceivable that it might not be without 
danger to those individuals who are least resistant. 

In the light of present evidence, however, it does not seem that the 
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avian type of tuberculosis presents more than a remote possibility 
of danger to man. 


The appreciation of the author is hereby expressed to Dr. Arnold R. Rich, of Johns 
Hopkins University, to Dr. William H. Feldman, of the Mayo Foundation, and to Dr. Max 
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preparation of these papers. 
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THE EFFECT OF HUMAN TISSUE JUICES ON 
TUBERCLE BACILLI? 


NELL HIRSCHBERG anp LLOYD ARNOLD 


Certain investigators have concluded that various parts of the human 
body were not susceptible to tuberculous infection. The thyroid, pan- 
creas, and even the brain were considered to be relatively immune (al- 
though it was known, of course, that the meninges could be infected). 
A review of the literature, however, convinces one that although the 
incidence of infection of these and other organs is certainly very low, 
they are not immune to tuberculosis. Various reasons have been ad- 
vanced for the apparent selection of certain organs by the tubercle 
bacillus, and, although the problem has received attention since the late 
nineteenth century, it has never been entirely solved. 

Nolan (1932) and Brines (1932) have shown the variations in the 
distribution of tuberculous infection in the human body from autopsy 
findings. 

Most of the investigations in this field have been concerned with 
such reasons for organ specificity as racial immunity, species immunity, 
point of entrance of the infecting microérganism, methods of dissemina- 
tion of the bacilli, as well as such local factors as food supply, cellular 
immunity, physical and chemical properties, or bactericidal substances 
in the tissues. 

Pinner (1937) has adequately summarized the findings of investigators 
reporting on racial immunity to tuberculosis as follows: ‘“‘No single 
factor can explain or has sovereign importance in the epidemiological 
and pathogenic behavior of tuberculosis. While it seems likely that 
race is one of these factors, it is certain that living conditions in the 
broadest sense of the word are of great importance and that many other 
factors, known and unknown ones, determine the course of events.” 

The portal of entry is of course known to be one of the greatest factors 
in pulmonary tuberculosis. Apparently, however, the specific point 
of entry does not necessarily determine the site of tuberculous infection 

1 From the Department of Bacteriology and Public Health, University of Illinois, Col- 
lege of Medicine, and Michael Reese Hospital, Chicago, Illinois. 
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in the human body. Cameron (1934) demonstrated that tubercle 
bacilli may pass through the mucous membranes without leaving any 
sign at the point of entry. 

Most investigators agree that the haematogenous spread of tubercle 
bacilli accompanied by the less important lymphatic route accounts 
for the dissemination of tuberculosis in the human body. In spite of 
this, however, tuberculous bacillaemia was found by Wilson (1932) to 
be usually uncommon except in advanced and progressive tuberculosis. 
Miller (1936) stated that tubercle bacilli may be disseminated by lymph 
or blood-stream from the primary complex and may reach any organ, 
but invariably reach the lungs. It can be concluded that blood has 
but little effect on the tubercle bacillus. It acts merely asa carrier agent. 

The metabolic requirements of tubercle bacilli have been well known 
for many years. Long (1930) stated that human tissues may not satisfy 
all of their requirements, may have too high a temperature or the wrong 
reaction for the growth of the microédrganism, but that in general the 
body is able to supply the needs of the microérganism. 

Nonspecific factors such as chemical and physical properties and 
bactericidal properties of tissues have received a great deal of experi- 
mental investigation. Porter (1917), one of the early authors to in- 
vestigate this problem, made glycerin extracts of certain organs for 
esterases. He studied pancreas, liver, kidney, spleen, lung, skin, supra- 
renals and lymph nodes. He stated that if the extracts contained a high 
esterase content they dissolved tubercle bacilli. This action he termed 
“bactericidal.”” He found the lung the least “bactericidal” and the 
pancreas the most “bactericidal,” although liver, thymus and lymph 
nodes possessed moderate amounts of lytic power. These results have 
been quoted in most textbooks on tuberculosis. 

Erba (1933) stated that the experimental evidence was not sufficient 
to establish the existence of a bactericidal substance, reaction of which 
was specific against tuberculosis. 

There have been few investigations, other than those previously 
stated, of the presence or absence of growth inhibiting or growth en- 
hancing substances for the tubercle bacillus in the various organs of 
the human body. 

This paper represents an experimental attempt to determine the pres- 
ence or absence of such substance in various organs of the human body 
and in this way to shed some light on organ specificity in tuberculosis. 
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EXPERIMENTAL PROCEDURE 


The basic medium used was described in a recent report by Seibert 
(1934) and gives a very heavy growth. It contains no organic material. 

Fifteen cubic centimetres of this basic medium were sterilized in 
small wide-mouthed vaccine bottles and tissue juice was added to give 
final percentages of 2, 4, 6, 8, 10 and 20 per cent. Additional bottles 
contained undiluted tissue juice and other bottles, the controls, medium 
without tissue juice. 

Tissue was obtained from fresh organs of normal healthy individuals 
who had died by accident or gun-shot wounds. All the organs examined 
were from white adult males between the ages of thirty-five and forty- 
five. Most of the individuals from whom organs were taken showed 
evidence of a primary focus of tuberculosis in the lungs, but were free 
from foci elsewhere and showed no evidence of active disease. All 
appeared to be in good health with no indications of abnormal metab- 
olism or systemic disease of any kind. The individuals from whom lung 
tissue was taken showed no focus of tuberculosis in that portion of the 
organ selected. 

The cause of death of those individuals from whom organs were 
taken was accidental and not related in any way to disease. Through 
the codperation of the coroner, the organs were removed from the body 
as soon as possible after death, preserved on ice and used for the prepa- 
ration of tissue juice as soon as possible. 

The organs were removed to the laboratory and washed quickly under 
tap water, the excess water immediately dried with a sterile towel and 
the tissue cut into pieces with a long pair of shears. The fat, blood- 
vessels and loose connective tissue were removed and the pieces of tissue 
were ground in a fine meat grinder. The tissue was then subjected to 
one of two tissue presses—Seegal and Khorazo (1934) or Rosenow (1914). 
The juice was removed from the press to a sterile flask and the residue 
of tissue ground with sand in a mortar. This tissue mass was then 
centrifuged and the sediment again ground with sand in a mortar. 
Microscopical examination did not reveal any evidence of whole cells. 

The tissue juice was passed through a Seitz filter, removed to sterile 
bottles, placed in the icebox and used as soon after collection as possible. 

Every effort was made to work as rapidly as possible and to prepare 
the tissue juice quickly in order that the tissue should be as normal 
as possible. The hydrogen-ion concentration of the tissue juices varied 
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from pH 6.5 to pH 7.0, the lowest being kidney and brain; the hydrogen- 
ion concentration of the juices was usually about pH 6.8. Reiss and 
Simonin (1927) showed a substantial increase in acidity of tissue pre- 
served after death under sterile conditions and a substantial increase 
in the alkalinity of tissue allowed to putrefy; apparently very little 
change in chemical constitution took place in the cells of the organs 
treated in the foregoing fashion, since the hydrogen-ion concentration 
of the juices remained so close tonormal. In the same way any thermo- 
labile bacteriolytic principle was not eliminated from the tissue juices. 

It seems probable that these tissue juices did not contain an appreci- 
able amount of lysozyme. It seems equally certain that they did not 
contain lipase or esterase. 

The microérganism used for these experiments was a human strain 
isolated from the sputum of a patient with active pulmonary tuber- 
culosis. Preliminary experiments showed that the virulence of this 
bacillus apparently had not decreased to any appreciable extent. One 
drop of suspension of it, approximately 0.05 cc., prepared according to 
the method of Tunnicliff, Howell and Hirschberg (1933), containing 
approximately fifty million microérganisms, was delivered onto the 
surface of the medium at the point where the medium was in contact 
with the wall of the bottle. In this way the bacilli were gently drawn 
over the surface in a thin, evenly distributed film. The mouths of 
the bottles were sealed with two cubic centimetres of melted paraffin 
and capped with tin foil. The bottles were removed to the incubator 
on a tray to prevent disturbance of the bacillary film on the surface 
of the medium. 

The controls were allowed to attain a maximum growth. In six 
weeks arbitrary standards were chosen to describe the amount of growth 
on the surface of the medium in varying degrees. The results were 
recorded as plus-minus, one. plus, two plus, three plus and four plus. 
They varied from a very faint suggestion of a film of growth (which 
nevertheless showed definite evidence of development of microérganisms) 
to a growth which was very thick, wrinkled and heavy in appearance. 

The morphology of the bacilli also appeared to be perfectly normal 
with the usual variations in very young or very old cultures. 

These cultures were used as standards for comparison with the exper- 
imental cultures and were studied during the same time intervals. 

The preparation of tissue juice was a rather difficult procedure. Tis- 
sues were chosen which had been most widely investigated by other 
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workers, which seemed to have the most. bearing on the subject, which 
could be easily obtained in quantity and which yielded the largest 
amounts of workable material. Certain small glands, therefore, were 
eliminated from the investigation. The following tissues were chosen: 
brain, heart, kidneys, liver, spleen, pancreas, thyroid, lung and blood. 
Certain additional experiments with commercially prepared dried tissue, 
tissue extract, or tissue secretion were performed in connection with the 
investigation of the properties of the fresh materials. It seemed wise 
to include experiments with blood, blood serum and blood plasma since 
so many investigators differed as to the effect of these substances on 
tubercle bacilli. 

The tissue juices were subjected to varying degrees of heat and were 
tested for complement content, hydrogen-ion concentration, antibodies, 
lipase content and lysozyme content, both before and after heating. 
Blood serum was heated to 56°C. for two hours, the other substances 
at 60°C. for one hour. 

All of the juices, commercial extracts and preparations as well as 
the medium and other control solutions were tested for lipase content 
by the method described by Willstatter, Waldschmidt-Leitz and Mem- 
men (1923). None of the substances showed the slightest lipolytic 
activity when tested by this method. 

The titre of the complement content of the fresh tissue juices varied 
between one to two and a titre of one to thirty-two. This was excellent 
proof of the freshness of the juices. Heated juices, commercial tissue 
extracts, solutions of powdered tissue and tissue secretions exhibited 
no complement content. Tissue juice prepared from the organs which 
contained the least amount of blood naturally showed the lowest com- 
plement content. 

Qualitative complement fixation tests were run on the tissue juices 
and control solutions. Two antigens were used: one, the fresh bacillary 
suspension, and the other, a standard Parke-Davis preparation. None 
of the solutions tested showed any antibodies against the tubercle bacillus 
antigen when tested by this method. 

Tissue juices and control solutions were tested for lysozyme content 
against a microdrganism isolated from the air which seemed to dissociate 
readily and to be lysed easily by lysozyme prepared from nasal washings. 
The tissue juices were not treated in any way, but were used in their 
fresh state or after heating. Undiluted serum, whole blood, and those 
juices from organs containing large amounts of blood seemed to show 
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a slight lytic action on the air coccus. No evidence of lysozyme action 
was noted in the other preparations. 

Hydrogen-ion determinations were performed on all the solutions 
at the time of preparation. These determinations were checked after 
the solutions had been added to the medium. 


RESULTS 


The experiments with blood were carried out with whole blood, serum, 
heated serum, plasma and heated plasma. After the three-week period 
of growth on medium containing whole blood, the microérganisms had 
developed moderately well and showed no morphological changes. The 
hydrogen-ion concentration of the mixtures increased from pH 7.2 to 
about pH 6.0. After that period the microérganisms rapidly attained 
maximum development and the hydrogen-ion concentration increased 
to approximately pH 5.0. Apparently whole blood had little effect in 
low concentrations on the tubercle bacillus. 

In the cultures containing twenty per cent of whole blood, however, 
marked inhibition was observed. This particular experiment was then 
repeated twice in duplicate. In every case, twenty per cent whole 
blood or a larger quantity of whole blood showed a definite inhibitory 
action on the growth of the microérganism. 

The effect of serum and of plasma was approximately the same. 
These substances showed a marked retarding effect on the growth of 
the tubercle bacillus. Growth was very slow in starting on medium 
containing serum or plasma. Ultimately there seemed to be no real 
inhibition of growth, for after a period of six weeks the cultures finally. 
attained satisfactory development. However, during the early period 
of growth, the hydrogen-ion concentration did not increase at first and 
then increased very slowly, another indication that growth was retarded, 
if not inhibited. The higher the concentration of serum or plasma the 
greater the retardation. In no way did the microdrganism seem to 
have been affected by its exposure to serum or plasma. The bacilli 
did not grow at all on pure serum. Subcultures in control medium 
showed that the bacilli had not been destroyed by the serum. It was 
definitely an inhibition phenomenon. The experiments which were per- 
formed with heated serum and heated plasma were, as far as could be 
determined, almost identical with the unheated substances in the higher 
concentrations. The microdérganism did not grow on the undiluted 
heated serum or heated plasma, although subcultures showed that there 
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was no killing; ten and twenty per cent of heated substance showed 
some retarding action. In the lower concentrations, however, there 
was, contrary to the previous experiment, no inhibition, and no re- 
tarding of growth. In every case, the controls attained a four-plus 
normal growth. 

Brain substance was particularly difficult to investigate. In the 
first place, it was very hard to filter, and in the second place, it became 
easily contaminated. The hydrogen-ion concentration in the beginning 
of the experiment was pH 6.5 and never dropped below pH 6.0. Growth 
on brain substance and on heated brain substance showed marked 
inhibition. The cultures never attained more than a one-plus growth. 
Slight increase in hydrogen-ion concentration was probably due to 
the fact that growth was almost entirely inhibited by the brain sub- 
stance. It is interesting to note that such marked inhibition of growth 
took place without deleterious effect on the microérganism. 

The experiments with the thyroid gland were carried out in several 
ways. Thyroid tissue juice was used, both heated and unheated, a 
commercial preparation of thyroxin in liquid form and dessicated thyroid 
in powder form were tested. The latter was used in a one to five dilution 
in sterile distilled water. 

All of the solutions had a marked effect on the growth of the tubercle 
bacillus. The juice prepared from fresh gland hindered the development 
of the microérganisms to such an extent that only a one-plus growth 
was obtained after six weeks’ incubation in medium containing small 
amounts of juice. No growth was obtained in the bottles containing 
higher concentrations of thyroid juice. There was no demonstrable 
difference between the effect of heated and unheated thyroid juice. 
There was absolutely no growth with dessicated thyroid and with thy- 
roxin, regardless of the concentration. The microérganism was not 
able to develop at all on the undiluted substance of any of the four 
kinds used. 

It is interesting to note two facts. The hydrogen-ion concentration 
increased from pH 6.0 (highest) to pH 5.5 at its lowest reading. This 
is remarkably little activity for cultures of tubercle bacilli. 

Tissue juice prepared from heart muscle was tested in heated and 
unheated states. There was apparently no difference in results. The 
heart tissue juice exerted a very marked inhibitory effect on the growth 
of the bacilli. After six weeks, a one-plus growth was obtained in 
most of the cultures. The hydrogen-ion concentration had increased 
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from pH 6.8 only as far as pH 6.0. There seemed to be no difference 
in the cultures containing two per cent tissue juice or twenty per cent 
tissue juice. Apparently the action was just as great with smaller 
concentration. This result did not seem to be in accordance with 
experiments on other tissue juices and therefore the entire series of 
experiments was repeated in duplicate; the same results were obtained. 

The effect of the juice prepared from lung tissue upon tubercle bacilli 
was one of the first to be investigated. As might be expected, it gave 
very satisfactory results, although the tissue juice contained large 
amounts of blood, and although very small amounts of juice were ob- 
tainable from whole lungs. 

There seemed to be an absolute lack of any inhibiting, retarding, 
lysing, or bactericidal substance for tubercle bacilli in the tissue juice 
prepared from lung, heated or unheated. On the contrary, lung tissue 
juice seemed to enhance the growth of tubercle bacilli. 

The lung tissue juice was so effective in increasing the growth of 
tubercle bacilli that it was difficult to differentiate between the effect of 
small amounts and of large amounts. At the end of three weeks, the 
cultures containing two per cent lung tissue juice showed as great, if 
not greater, development than did the control cultures. The hydrogen- 
ion concentration of the cultures increased from pH 6.8 to pH 4.5, the 
lowest pH value obtained in any set of cultures, and far lower than 
that obtained in any other experiment. This indicates the tremendous 
activity, the enormous rate of growth of the microérganisms when sub- 
jected to this substance. (Were this tissue juice less difficult to prepare 
in quantity, it might be of use in obtaining early, luxuriant, diagnostic 
cultures of tubercle bacilli.) 

Most of the cultures containing lung juice, developed a maximum 
growth in about eighteen days. In these cultures there seemed to be 
no change in morphology or staining characteristics of the microérgan- 
ismg, They were not stained more brilliantly and did not appear larger; 
there was no increase in virulence. Apparently lung tissue possesses 
a substance which simply enhances the development of tubercle bacilli. 
This may be a factor in the high incidence of pulmonary tuberculous 
infection. 

Several solutions were tested in the experimental investigation of 
the effect of the pancreas on tubercle bacilli. These consisted of heated 
and unheated pancreas juice, commercial pancreatic digests prepared 
by dissolving one per cent of a powdered pancreas dispert in 0.125 per 
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cent sodium carbonate solution. In addition to the usual controls, 
broth cultures of tubercle bacilli were made after the broth had been 
titrated to a hydrogen-ion concentration of approximately pH 4.5 in 
order to control the low hydrogen-ion concentration of the insulin, which 
is contained in acid solution. 

Both pancreatin and pancreatic digest apparently had no effect on 
tubercle bacilli. 

Heated and unheated pancreas juice showed a marked inhibiting 
effect on the growth of the tubercle bacilli. This increased with the 
concentration of the tissue juice and no growth was obtained on un- 
diluted juice. This phenomenon seemed to be true inhibition without 
any evidence of lytic action and without any change in the biological 
characteristics of the microérganisms at all. 

Sodium carbonate had no effect on the microérganism at all. In 
the experiments with insulin, it is interesting to note that the high 
acid content of the controls did not inhibit the development of the 
microérganism. The tubercle bacilli began to grow somewhat more 
slowly on the very highly acid medium, but the final hydrogen-ion con- 
centration of the cultures was not much higher than at the beginning 
of the experiments. 

In the first experiment with insulin, the cultures immediately attained 
a four-plus growth even in the bottles containing large amounts of 
that solution. This did not seem reasonable and therefore the experi- 
ment was repeated several times. The insulin showed no effect on 
tubercle bacilli in two of the three repeat experiments; the findings 
were the same as in the previous experiments. There was complete 
inhibition in the third experiment, but when this was repeated for 
a fourth time, there was again no evidence of any effect of insulin on 
the growth of tubercle bacilli. A source of error such as improper seeding 
of the bacilli or overheating of the culture bottles probably accounted 
for these experimental results which differed from the others. It may 
be concluded that commercial insulin has no inhibiting or retarding 
effect on tubercle bacilli; there is certainly no enhancing effect, and 
probably no effect of any kind. 

There seems to be a certain indefinable opinion on the part of inves- 
tigators that nucleic acid is a substance which tubercle bacilli very easily 
assimilate, and which may be used as an excellent source of food for 
that microérganism. 

The tubercle bacilli were apparently unable to utilize nucleic acid. 
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The substance showed a marked inhibiting effect on the development of 
the tubercle bacillus. There was no development of tubercle bacilli 
on the medium containing nucleic acid, with the exception of the cultures 
containing the smallest amounts, 2 per cent and 4 per cent nucleic acid. 
The hydrogen-ion concentration was near pH 4.0 at the start and did 
not increase measurably during the experiment. 

The tissue juice prepared from liver exerted a moderate amount of 
inhibition on the growth of the tubercle bacilli. None of the cultures 
developed to a maximum growth; the readings ranged between a two- 
plus or three-plus growth after prolonged periods of incubation. No 
definite growth developed in many of the cultures, especially in those 
containing large percentages of liver juice, but a slight film of “plus- 
minus” degree containing stainable bacilli showed that some slight 
growth activity had taken place. The hydrogen-ion concentration of 
the cultures also contributed to this conclusion. This increased from 
pH of 7.0 to pH of 6.2 at the end of the experiments. No change in 
morphology or staining characteristics of the microdrganisms could 
be noted even in the faint films which developed on some of the cultures. 
The usual non-acid-fast forms found in very young cultures of tubercle 
bacilli could be demonstrated. This was a phenomenon of age and not 
of the action of the test fluid. 

The preparation of tissue juice from the spleen was very difficult due 
to the large amount of fibrous material. The effect of this fluid on 
tubercle bacilli seemed to compare quite favorably with the liver juice. 
The inhibition was definite. Its true inhibitory action was marked 
when contrasted with the retardation observed with other fluids. The 
tubercle bacilli did not develop well and never attained a maximum 
growth. The biological characteristics of the bacilli were unaffected 
by the marked inhibition. The hydrogen-ion concentration of the 
cultures increased from approximately pH 6.4 to approximately pH 
6.0, a range which shows the small amount of activity. 

This inhibition of the growth of tubercle bacilli by spleen tissue juice 
may possibly account for some of the observed therapeutic success. 
It is probably not the only reason since the same therapeutic results 
are not obtained with other tissues. 

The preparation of tissue juice from the kidney was accomplished 
with comparative ease. The hydrogen-ion concentration of the cultures 
in the beginning of the experiments was pH 6.4 and this later increased 
to pH 5.8. The kidney exhibited almost complete inhibition of the 
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growth of tubercle bacillus in one experiment and in another inhibition. 
In the first series, the cultures containing the smallest amount of kidney 
juice, that is, 2 per cent, attained a growth graded at two-plus. These 
were the only cultures which showed any growth at all. In the other 
series of experiments absolutely no growth was observed. In a third 
series of experiments, very slight amounts of growth were noted and 
it was from this series that the hydrogen-ion concentration determina- 
tions were made. In other words, the effect of the kidney tissue juice 
on the tubercle bacilli was definitely one of inhibition showing, as did the 
other substances tested, no evidence of lytic or bactericidal properties. 


TABLE 1 


Correlation of the effect of various tissue juices on tubercle bacillus with incidence of tuberculosis 
of certain organs 


TISSUE FROM WHICH JUICE pH OF BROTH CULTURES PLUS 
WAS PREPARED IN ORDER OF | pH OF TISSUE TISSUE JUICE AT ACTION OF TISSUE JUICE ON 
GREATEST SUSCEPTIBILITY TO| JUICE WHEN GROWTH OF TUBERCLE 
—— ae PREPARED Beginning of End of BACILLI 
me. experiments experiments 


co 


4.5 No retarding effect 
No marked effect 
Moderate inhibition 
Moderate inhibition 
Marked inhibition 
Marked inhibition 
Marked inhibition 
Marked inhibition 
Marked inhibition 
Maximum growth 


6.8 
7.4 
7.0 
6.9 
6.0 
6.5 
6.6 
6.5 
6.8 


Mm os OO 


The degree of increase in hydrogen-ion concentration indicates the degree of development 
of growth. 


Subcultures were made from test cultures to control medium. Those 
test cultures which showed no growth were centrifuged and subcultures 
made from the sediment. 

There was no demonstrable change in morphology, characteristics of 
growth, or virulence of the organism after subjection to the tissue juices. 


DISCUSSION 


Certain factors in the development of the tubercle bacillus have been 
eliminated. Complement, associated by many investigators with the 
phenomenon of resistance to disease, was shown to be present in normal 
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amounts in the tissue juice preparations, and varied, as one would expect, 
with the amount of blood in the organ under consideration. Tuber- 
culosis antibodies, commonly associated with the resistance produced 
in response to first infection in tuberculosis, were shown to be absent 
in any measurable amounts in the tissue juices under investigation. 
The free oxygen and carbon dioxide supply of the tissue juices was 
approximately the same for all, while oxygen and carbon dioxide in 
combination were probably present to a somewhat lesser degree than 
they were found in the tissue im vivo. This was probably due to the 
mechanical preparation of the tissue juices. In every other way, the 
tissue juices approximated as nearly as was possible the chemical con- 
stitution and fresh state of living tissue itself. | 

These experiments substantiate the investigations of Pinner (1937), 
Corper (1932) and others who showed that lysozyme is potent only 
against nonpathogenic microérganisms and has no effect on the tubercle 
bacillus. 

It therefore seems possible to eliminate entirely the question of food, 
blood, antibodies, complement, gases and lysozyme in the tissue juices 
as factors which could explain the results of the experiments reported 
here. Nor can organ specificity in tuberculosis be credited to any 
of these factors. 

It might well be expected from the reports in the literature on the 
effect of various body fluids and tissues on tubercle bacilli, and from the 
clinical evidence of resistance in certain organs, that the tissue juices 
should show some inhibitory action on the growth of the tubercle bacillus. 
In other words, it is certain that the kidney tissue itself exerts an inhibi- 
tory effect on the growth of tubercle bacilli, whether or not the resistance 
of the kidney is due to the copious blood supply and large blood vessels 
of that organ. The same can be said for other tissues. 

If one considers all of the evidence presented by previous investi- 
gators, one cannot fail to be impressed by the fact that the one single 
opinion most frequently stated describes bactericidal and bacteriolytic 
effect of tissue on tubercle bacilli. One of the reasons for this is un- 
questionably the fact that Porter’s work (1917) has been generally 
accepted by most investigators and printed over and over again without 
question in the textbooks. 

The experiments reported here show absolutely no evidence of a 
bactericidal or bacteriolytic element in tissue juice. Certain inves- 
tigators have assumed the active principle to be bactericidal or bacteri- 
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olytic without experimental proof while others have stated the absence 
of proof and still described “‘digestive”’ activity. ‘ 

The inhibiting and retarding effect of the tissue juices may have killed 
a few of the microérganisms, but, as Long (1930) stated, ‘“‘evidence of 
previous death,” lysis, change in morphology and staining characteristics 
of the microérganisms was lacking. It seems justifiable therefore to 
conclude that the action of certain tissue juices was purely inhibitory 
to a greater or lesser degree. The degree of inhibition of tissue juice 
prepared from certain organs seems to compare directly with the re- 
sistance of that tissue to tuberculous infection as evidenced by clinical 
investigation. 

The possible reason for this inhibitory action, possessed by certain 
tissues and not be others, seems to be due to some element which is 
not demonstrable by ordinary means. It probably is tied up in some 
way with the natural immunity, or resistance of the tissues, since it 
is found in fresh, normal tissue. This element is possibly not specific 
for tubercle bacilli, but may be a nonspecific factor such as the growth- 
stimulating substances found in certain tissues by other investigators. 
Whatever the substance may be, its action is definite, measurable 
and potent. 


CONCLUSIONS 


1. Tissue juices prepared from certain fresh normal human organs 
exert an inhibitory action on the growth of the human tubercle bacillus. 

2. The effect of the tissue juices is definitely one of inhibition. The 
degree or extent of inhibition varies in different organs. The growth 
inhibiting factors were, however, relatively constant for each organ 
examined. 

3. There is no evidence of bactericidal or bacteriolytic action. 

4. The degree of inhibition exerted by various tissue juices on the 
tubercle bacillus seems to compare directly with the resistance of the 
organs to tuberculosis as evidenced by the clinical incidence of the 
disease. 

5. Evidence has been presented to show that the inhibitory element 
in the tissue juices is not a lypase, nor lysozyme, and is not associated 
with antibody content, complement, food or blood supply of the tissues 
investigated. 

6. The nature of the inhibitory element in tissue juices prepared from 
certain organs is not known. It may be a specific or a nonspecific factor. 
It can be best considered at this time to be nonspecific. 
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Present Deficiencies—Future Requirements 
ROBERT E. PLUNKETT 


There is definite evidence that a renaissance in the field of tuberculosis 
control is imperative if mortality and morbidity from this disease are 
to be further reduced. Forces making for the control and for the spread 
of the disease appear to be stalemated. Most needed to promote future 
progress are the dynamic forces which characterized the campaigns of 
the first and second decades of the present century. In spite of scientific 
advances in case-finding and methods of treatment, administrative 
programs of tuberculosis control in many localities have become static. 

The responsibility for the shortcomings of the present administrative 
services and for the inadequate number and type of hospital beds for 
tuberculosis rests with both the unofficial and official agencies. Al- 
though the official or governmental agencies may carry on accepted 
administrative services, they must, by the very nature of their employ- 
ment, rely on the unofficial for active, vigorous leadership in the pro- 
motion of any new service, hospital or otherwise, which involves large 
appropriations or a major change in policy. 

Too many physicians and others engaged in tuberculosis work appear 
to be willing to rest upon the laurels won in the splendid program de- 
velopments of twenty or thirty years ago. Some who participated in 
those early promotion campaigns seem to have lost their vigor and 
enthusiasm. Newcomers to the crusaders’ ranks soon have become 
lulled into a false sense of security. 

This apparent indifference regarding tuberculosis is reflected by the 
man on the street who feels, in the absence of a case of tuberculosis in 
his family or friends, that the tuberculosis problem is solved. 

The public is not aware of the magnitude of our present tuberculosis 
problem. To be sure, the death rate has dropped from 201.9 in 1900 
to 55.0 per 100,000 in 1935 in the United States. This disease still is 
the leading cause of death among persons between the ages of 20 and 

1 From the New York State Department of Health, Division of Tuberculosis, Albany, 
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39. Recent figures published by the Metropolitan Life Insurance 
Company reveal that, of forty states reporting for 1936, nineteen re- 
corded a tuberculosis mortality higher than in 1935, and nineteen lower, 
while two states experienced no change in mortality. Even though we 
do not experience a rise in the tuberculosis death rate, we do not appear 
to be justified in anticipating during the next two or three decades a 
decline comparable with the percentage decline in the past twenty-five 
years. The high death rate among the older age groups is extremely 
significant, for elderly consumptives can and do spread tubercle bacilli. 

If continuity of expression is essential to successful advertising, then 
we should provide an active, continuous program of public health educa- 
tion regarding tuberculosis throughout the entire year. 

In spite of our increased knowledge of bacteriology, epidemiology, 
prevention and treatment, many physicians engaged in tuberculosis 
work think and act only in terms relating to the topographical location 
and extent of a pulmonary lesion. To be sure, the precise definition of 
the character and extent of a lesion is important, but equally, if not 
more important, are the epidemiological factors involved. It is the 
evaluation or appraisal of these latter factors which is necessary if pre- 
vention and control measures are to be effective. 

One of the reasons for this lack of appreciation of the control factors 
may be gleaned from a review of the influences which have motivated 
those engaged in tuberculosis work. The development of the tuber- 
culosis program may be divided into three eras. 

The first one was largely characterized by a humane motive to offer 
some assistance in providing better care for the enormous number of 
poor consumptives. Funds were raised by private subscriptions for 
the maintenance of dispensaries, clinics and, occasionally, hospitals. 
Physicians also gave of their time and services gratuitously. 

It soon became apparent that tuberculosis was, to some extent, a 
public responsibility, and appropriations were made in various sections 
of the country for tuberculosis sanatoria or hospitals. This opened up 
the second era. The laboratory and X-ray came into prominence. 
Improved diagnostic technique and sanatorium observation made it 
possible to define more accurately the extent and behavior of a pulmonary 
lesion; a new specialty was born, and a new specialist who usually could 
be identified by his white coat with a stethoscope hanging as a lavaliere 
from his neck. His interest was primarily concerned with a sick person 
having pulmonary tuberculosis and he was little concerned with any- 
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thing above the larynx or below the diaphragm and much less with the 
epidemiological aspects of the disease. 

Recently, we have entered the third era in which, in addition to 
providing for the individual patient, we are beginning to talk and act 
with relation to the public health and economic significance of tuber- 
culosis. The tremendous and devastating economic influence of tuber- 
culosis upon society is being recognized. We are thus abreast of the 
position taken by Chadwick in 1842 in his General Report on the Sanitary 
Condition of the Labouring Population of Great Britain when he urged 
economic self-interest as an argument in favoring sanitary reform. 

It should readily be apparent from a review of the death rates by 
occupation, as well as by age and sex, that the large numbers of tuber- 
culosis patients who are found among the underprivileged and low 
salaried groups create an economic burden, the great weight of which 
may be realized when the cost of protracted hospitalization is taken 
into consideration. Society is paying this big tuberculosis bill whether 
it realizes it or not. 

In order, therefore, to effect future human and financial economy, 
the time has arrived for us to make a critical appraisal of the present 
tuberculosis problem and its possible future significance. Equally 
important is the need for a qualitative, as well as a quantitative, inven- 
tory of the existing facilities to meet the problem. 

The size of the present tuberculosis problem can with reasonable 
accuracy be determined by the mortality figures plus an estimate of 
the number of cases in relation to the deaths. Although estimates 
of the number of cases per death reported by different observers vary, 
the experience of the New York State Department of Health in rural 
New York indicates that there are about six active cases and between 
two and three inactive, recovered or border-line cases per death. All 
these cases should receive some service from the tuberculosis hospital 
or clinic. 

Therefore, in the United States there are approximately 500,000 
cases of tuberculosis which need intimate, close follow-up or hospital 
treatment. 

As regards the future trend of the tuberculosis rate, I feel that we 
know altogether too little about the many biological and environmental 
influences which are playing a part in the behavior of this disease to 
warrant the statement that it can be eradicated. However, if we can 
put into execution a program by which the known methods of preven- 
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tion and treatment can generously be applied, then we may look ex- 
pectantly to the day when the word “control’’ will connote something 
real, and the public health and economic burden resulting from the 
disease will be materially reduced. 

Special consideration should be given to the most costly yet most 
important feature of the tuberculosis program—the tuberculosis hospital. 
That the tuberculosis hospital has contributed to the decline in tuber- 
culosis cannot be denied. This contribution, however, can mostly be 
attributed to the segregation of thousands of sources of infection rather 
than to cures. The tuberculosis hospital or sanatorium could not 
justify the expenditure over the past years of millions of dollars on 
the basis of returns to society in the form of recovered or cured cases. 

The conditions or circumstances which prompted this statement 
should be looked upon as a challenge by every person engaged in or 
concerned with the furtherance of protective public health facilities. 

The modern tuberculosis hospital and the well equipped, well con- 
ducted case-finding and follow-up clinic are society’s most valuable 
administrative weapons against this disease. They are more formidable 
still when combined into one service. 

The epidemiology of tuberculosis being a study of the disease as a mass 
phenomenon, the most important administrative procedure is case- 
finding. For convenience, this service may be grouped under two 
general headings, the local clinic or dispensary and the X-raying of 
special population groups. 

Unfortunately, there are no detailed data readily available regarding 
the number and nature of services being rendered in the clinics through- 
out the United States. 

The chest clinic, when properly and scientifically equipped and con- 
ducted, cannot only produce a profitable yield in new cases, but through 
the local physicians and public health nurses it is possible to extend 
its educational and prophylactic benefits into the homes. The partici- 
pation of the practicing physicians is extremely valuable to a chest 
clinic program. The New York State Department of Health has, by 
virtue of the sympathetic cooperation of the practicing physicians, 
been able to produce by the examination of contacts of known cases, 
plus patients referred by private physicians, a larger yield in new cases 
than by any other method, except possibly the X-raying of selected 
groups of persons found in racial or other groups in which the death rate 
is particularly high. 
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I am confident that an objective appraisal of the 1,000 local clinics 
and dispensaries throughout the country is not only needed but would 
reveal a very disheartening picture. Most clinic administrators lack 
appreciation of the value of complete socio-epidemiological and clinical 
data. Too many clinics are conducted merely as a place where a patient 
may be examined, and lack the broad approach to the tuberculosis 
problem which is essential if control is to be realized. 

The case-finding studies reported in the literature show a percentage 
yield of positive cases from .01 per cent up to approximately 5 per cent. 
When the age distribution of the persons examined in these special 
case-finding studies is reviewed, it becomes further apparent that there 
is a need for emphasis on case-finding in the late adolescent and adult 
groups, especially among the underprivileged. Moreover, a more 
intimate consideration of the problem of tuberculosis among certain 
industrial groups is warranted. A study which we are now conducting 
of patients in general hospitals shows that a relatively large number of 
persons treated in general hospitals for nontuberculous conditions may 
be found to have pulmonary tuberculosis. 

We are, however, greatly indebted to the American Medical Associa- 
tion for its splendid survey of tuberculosis hospitals and sanatoria made 
by Dr. Fritjof H. Arestad from data of the years 1933-1934. 


This survey reveals that there are in the United States 1,240 institutions 
containing 95,198 beds for the treatment of tuberculosis. At the time the 
survey was completed, plans were under way for 6,661 additional beds. Let 
us, for the purpose of discussion, say that there are now 100,000 beds available 
for the treatment of tuberculosis. The annual average number of tuberculosis 
deaths in the United States for the three-year period, 1934-36, was 71,071, ora 
ratio of 1.4 beds per death. In determining a desirable bed-death ratio, con- 
sideration of how these beds are used needs emphasis. There were slightly 
over 7,000 children under treatment on the date when the census was taken and 
presumably the majority of these were of the so-called childhood type of tu- 
berculosis. Although the use of these beds in hospitalizing children may con- 
tribute indirectly to the preventive program, only hospital or sanatorium beds 
in which pulmonary tuberculosis of the so-called adult type is treated should 
be counted. At the same time, about 4,000 beds were in tuberculosis hospitals 
each of which had a capacity of less than 50. This represents a total of at 
least 11,000 which should be given qualitative consideration before determin- 
ing the minimum number of beds which may be required to meet the accept- 
able standard of two beds per death. That many states have a smaller 


TUBERCULOSIS CONTROL 617 


number of beds than even the minimum requirement is evidenced by the fact 
that sixteen states have less than one bed per death and twenty-one states 
with between 1 and 1.9 beds per death. Only twelve states have two or more 
beds per death. Although in certain metropolitan sections three beds per 
death seem to be required, it may be that in view of the declining death rate 
and the scientific advances in diagnosis and treatment, two beds per death 
could be used effectively for many years to come. Unless the chemists or 
biologists or bacteriologists discover some substance which will bring the dis- 
ease under control more rapidly, it is not likely that the drop in the death 
rate will be as rapid during the next two or three decades as during the past 
quarter of a century. It appears, therefore, that at least 50,000 additional 
beds will be necessary to meet the standard of two beds per death. 

According to the survey, the replacement value of the hospitals surveyed was 
estimated to be about $329,000,000, while the annual cost of administering the 
hospitals was $75,000,000. With special reference both to the investment and 
maintenance cost, it should be emphasized that the construction cost included 
all sorts of sanatorium type buildings constructed during the past thirty years. 
Among these are many institutions which are only slightly superior in con- 
struction characteristics to the traditional ‘lean-to’. On the other hand, the 
estimate includes many modern tuberculosis hospitals. 

It is unusual to find a tuberculosis sanatorium of less than fifty beds which 
can afford to provide professional equipment and service to meet the needs of 
modern medicine. This being so, is it not evident that about 28 per cent of 
the sanatoria may be outmoded? In addition, another 28 per cent have a 
capacity of between 50 and 100 beds. Although many sanatoria in this group 
may be providing creditable service, it is questionable whether it would not be 
better economy to have fewer and larger sanatoria, except where the mortality 
figures indicate that 100 beds or less may adequately fill the need. 


Recently, the New York State Department of Health conducted an 
intimate survey of a group of small county tuberculosis hospitals, each 
of which had less than fifty patients. The survey revealed no facts 
which, by any stretch of the imagination, would indicate that these 
institutions were other than custodial in character. There was little 
semblance of a program of scientific diagnosis and treatment. Each of 
the hospitals was a definite fire hazard, and the census at the time of 
the survey showed that there were housed in each of them many persons 
who showed no evidence of tuberculosis. If this same condition prevails 
throughout the country, we do not need further evidence of the need of 
closing such institutions. 

It should be noted, however, that of the 28 per cent of the tuberculosis 
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hospitals having less than fifty beds, the total number of beds in such 
hospitals conducted as public tuberculosis hospitals was 1,972. In 
addition, there are 1,993 beds in private tuberculosis hospitals having 
a capacity of less than fifty beds. Of the 28 per cent of the hospitals 
having a capacity of between fifty and ninety-nine, those operated as 
public tuberculosis hospitals have 5,176 and those as private hospitals 
or sanatoria have 3,714 beds. 

That further improvement is necessary, in many tuberculosis hos- 
pitals, in the technical equipment and service may be gleaned from 
the following: 


Of the 471 sanatoria throughout the United States, 406 have facilities for 
artificial pneumothorax treatment, 364 for minor surgery, and 152 for special 
chest surgery. X-ray equipment is available in only 364, or 77 per cent of the 
sanatoria. While 364 sanatoria have clinical laboratory facilities, only 124 
have facilities for necropsy work. 

The survey indicates that in approximately one-fifth of the sanatoria, the 
clinical and statistical records are inadequate and, in many instances, entirely 
lacking. It is rather difficult to visualize a progressive medical and surgical 
program in the absence of a well rounded clinical and pathological laboratory 
service. To be sure, many institutions mentioned in the survey refer their 
laboratory work outside. This system may, in some instances, provide satis- 
factory service. The clinical laboratory, except in the very small tuberculosis 
sanatoria or hospitals, many times serves as a guide both in the diagnosis and 
the treatment of the disease. From the report of the percentage of necropsies 
obtained, it appears that if the splendid educational material available in the 
tuberculosis institutions is to be used profitably, more interest in post-mortem 
examinations is necessary. While the city tuberculosis institutions secure 
necropsies for 37 per cent of their patients, and the federal 25 per cent, all of 
the other subdivisions vary between 9 and 15 per cent. 

By the same token, the large number of sanatoria reported in this survey in 
which complete clinical and X-ray laboratories, and provisions for pneumo- 
thorax treatments are lacking, either in part or entirely, leaves much to be 
desired. On the other hand, it is assumed that the tuberculosis departments 
in general hospitals have the benefit of the other services prevailing in most 
general hospitals. 

It must be admitted that the vast amount of clinical material available in 
tuberculosis hospitals is not being used as much for teaching as it should be. 
Sixty-three tuberculosis hospitals and 159 other hospitals admitting tubercu- 
lous patients provide training for interns. Eighteen sanatoria have established 
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schools for nurses and thirty-one have reported courses of affiliation. Of the 
740 general hospitals with tuberculosis departments, only 268 conduct nursing 
schools. Obviously, the tuberculosis hospital program is not taking advantage 
of the available material and opportunities in contributing to professional ad- 
vancement in our knowledge of tuberculosis by affiliation with schools of 
nursing. 

The qualitative aspect of the service rendered in tuberculosis institutions is 
fundamentally as important as the quantitative. To some degree, facilities 
for the care of tuberculosis cases tend by nature to become static, whereas the 
scientific needs are dynamic and change constantly. The application of mod- 
ern methods of study, diagnosis, and treatment demands more from the stand- 
point of scientific equipment, nursing and medical personnel, than formerly. 
The treatment of tuberculosis has been transformed from a policy of passive 
expectancy to one of active patient assistance. 

In what manner tuberculosis beds are being used, in relation both to treat- 
ment and to segregation, is important. Of the pulmonary cases reported in 
this survey, only 13 per cent were admitted in the minimal stage of the disease. 
Thus, more than 80 per cent of tuberculosis cases do not have the benefit of 
hospital treatment sufficiently early in the disease to expect reasonably prompt 
recovery. Asa matter of fact, only about 20 per cent of the discharged cases 
are either arrested or apparently arrested, about 24 per cent are deaths and 
the 47 per cent who are discharged as improved or unimproved presumably 
return home in the communicable stage of the disease. These, in addition to 
the more than 80 per cent who were spreading tubercle bacilli before admission, 
create a major public health problem. 

Of all the deaths from tuberculosis, only 22 per cent occur in tuberculosis 
hospitals. In contrast to this, in upstate New York 45.8 per cent of all tu- 
berculosis deaths occur in public and private tuberculosis hospitals, 31.8 per 
cent in the home, and 11.6 per cent in general hospitals with no separate pro- 
vision for tuberculosis cases. These facts indicate that more advanced and 
terminal cases should be properly segregated. 

It is obvious that there is urgent need for more progressive case-finding and 
case-holding programs. In upstate New York, the responsibility for case 
finding rests with health departments and particularly with county and State 
tuberculosis hospitals. In conjunction with the health departments, clinics 
for contacts, suspects, and others are conducted throughout the State. Case 
finding should be recognized more generally as the responsibility of public 
tuberculosis hospitals. Their staff members are experts in diagnosis. Such a 
system provides a continuity of service for patients from discovery through 
treatment, and these physicians being on full-time duty, as they should be, 
are not commonly looked upon as competitors in general practice. 

This survey gives proof from the status of discharged patients that few, if 
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any, institutions are ‘case-holding’, as they should be. The grave danger 
that lies in discharging a patient whose recovery has not reached a point which 
may assure him of relatively good health and possibly a return to economic 
self-sufficiency needs emphasis. It is a waste of public funds to treat a pa- 
tient for a few weeks or months and then turn him loose, knowing that he is 
doomed either to readmission in hopeless condition or to death. Of greater 
significance is the discharge of so many patients, whose sputum is positive, 
back into the community further to spread infection. Important as this may 
be to the individual patient, the seriousness to the family and the community 
of releasing patients whose sputum may be potentially or actually positive, 
needs more general recognition. A situation which permits such a large num- 
ber of patients whose disease is in the infectious stage to be sent back into their 
homes is a grave one. Every person concerned with tuberculosis control, in- 
cluding clinicians, can well afford to give this problem painstaking thought 
and study. Find out the reasons why patients go home; if they can be de- 
fined, then remedial measures can be found. Hospital administrators must 
broaden their viewpoints to that of family and community responsibility if 
they hope to fulfill their obligation to society. 

Granting that early diagnosis, followed by prompt, scientific treatment, is a 
prime factor in furthering the control of the disease, probably our next most 
important problem is to enlarge upon our efforts to return a greater number 
of patients back to their communities on a sound economic basis. Such a 
hope can never be realized until more and better facilities for education, train- 
ing, and rehabilitation assume a conspicuous place in the tuberculosis program 
of every state. 

The education of the patient should start the moment he is told he has tu- 
berculosis, it should continue throughout his hospital or sanatorium residency, 
and be followed by only less intensive post-sanatorium advice and guidance. 
Although we do not all have the happy faculty of telling patients they have 
tuberculosis and making them glad of it, much can be done to have the patient 
assume a sensible attitude before hospitalization. 


The adjustment of each patient to his new environment and the solu- 
tion of endless family, industrial and economic problems are of para- 
mount importance if optimum results from treatment are to be realized. 
More than casual or intermittent contact with the physician is needed 
to create the proper attitude toward “the cure.” This implies a personal 
physician association which is most commonly found in sanatoria having 
full-time staffs. 

Adult training and education of tuberculosis patients should be pro- 
vided in most tuberculosis hospitals. In cultivating avocational as 
well as vocational interests, the cure of the patient has been well begun. 
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The consequent substitution of a broader and more encouraging outlook 
on life and on the world in general during the prolonged period of mental 
idleness and worry over his disease plays an important part in “the 
cure.” It is absurd in most cases to advise a patient upon discharge to 
go and get a light outdoor job. Light outdoor jobs just are not to be 
found. It is good social as well as medical economy to take time to 
equip patients mentally as well as physically to return to their com- 
munities prepared to be self-sustaining. 


Excluding schools for children, only forty-five sanatoria conduct schools 
for adults and fifty-three have industrial rehabilitation courses. The psycho- 
logical advantage of a planned future during the program of cure is extremely 
valuable. Although hope springs eternal in the mind of the tuberculosis 
patient, tangible evidence of the possibility of returning to society on a self- 
sustaining basis such as may be found in an educational, academic, or voca- 
tional training, pays real dividends. 


The fact that the disease of 60 per cent of discharged patients is un- 
stabilized with the resultant positive sputum in most cases is a real 
challenge. Rather than needing so called after care, the majority of 
these patients need continued hospital care. If this situation can 
be met, it should markedly reduce the size of our after-care problem. 


There is in the United States a deplorable lack of opportunity for 
recovered cases of tuberculosis to complete adequately their rehabilita- 
tion or to find proper employment in an environment that will give 
reasonable guarantee of their continued economic security. From the 
administrative as well as the economic standpoint, the after-care and 
rehabilitation program, so woefully lacking at the moment, should be 
made universally available and be integrated and administered as one 
service to provide greater opportunity for: 


(1) An extension of therapeutic assistance 

(2) Continued segregation of positive sputum cases 

(3) More thorough conservation of the benefits of past treatment 

(4) Improvement in the socio-economic status of both the patients and their 
families 


In the absence of such a service, optimum returns for the money spent 
on hospitalization can never be realized, and many potential tax pro- 
ducers will be continued as tax consumers and as menaces to public 
health. 
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In summarizing, the following major items deserve emphasis: 

1. There is need for at least 50,000 additional beds. [Ill-founded 
optimism regarding the decline of tuberculosis has led too many people 
into a sense of false security. Tuberculosis still takes its greatest toll 
in the age group when men and women are society’s greatest asset. 
Tuberculosis hospital beds are essential for segregation, treatment and 
recovery. Each state should have a minimum of two beds per death. 
It is my impression that, if it should be impossible to have furnished 
satisfactory construction and adequate medical and epidemiological 
service for the above number of beds, fewer hospital beds proportionately 
distributed on the basis of the geographic distribution of morbidity 
and mortality would be more desirable. 

2. The location and distribution, geographically, of tuberculosis 
hospital beds in each state should be determined only after critical 
analysis of the disease problem and qualitative as well as quantitative 
study of available facilities. Most small units for the treatment of 
tuberculosis should be abandoned in favor of larger and more thoroughly 
equipped tuberculosis hospitals. 

3. Tuberculosis hospitals combining general hospital and sanatorium 
facilities offer the best opportunities for treatment. 

4. There appears to be a real need for standardization of medical 
records and nomenclature. 

5. Greater and more general utilization of tuberculosis hospitals in 
medical, nursing and public health education is essential to progress. 

6. No facts are given in the survey by the American Medical Associa- 
tion to indicate the extent to which the tuberculosis sanatoria and 
hospitals act as public health educational centres for their communities. 
When a hospital is located within a reasonably short distance from 
the people it is intended to serve, such educational activity may become 
one of the features of its program; otherwise, its contribution in this 
regard is, of necessity, very limited. 

More universal and broader facilities for avocational as well as voca- 
tional training and education of patients are urgently‘needed. Further 
provision must be made for the reémployment of all employables who 
are victims of this disease. 

7. Integration of the public hospitals with local health departments 
in the conduct of local clinics and case-finding programs should be in- 
augurated wherever possible. From the standpoint of tuberculosis 
control, the survey reveals that most tuberculosis hospitals maintain 
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a service restricted for the most part to clinical medicine. Is it not 
possible that millions of dollars are being spent annually on the end 
result of the invasion of the tubercle bacilli? From the public health 
viewpoint, this may be a good expenditure. However, could not the 
same funds be made to yield larger returns in human economy if our 
tuberculosis hospital staffs would approach the problem more funda- 
mentally? Is it good medical or good public health practice to tolerate 
a condition under which 70 per cent of patients are admitted for treat- 
ment in an almost hopeless stage of their disease when we have the 
scientific and administrative means to discover a far greater percentage 
of cases in the earlier and more hopeful stage of the disease? 

Although health departments are commonly charged with the re- 
sponsibility of community tuberculosis control, the tuberculosis hospital 
by virtue of its personnel and equipment should assume a conspicuous 
place in the control program. 

By having the sanatoria staffs conduct case-finding and follow-up 
clinic service, the health department is assured of expert service at a 
minimum of cost. Such an integrated service provides continuity of 
medical guidance and assistance from diagnosis to recovery. Anyone 
who has witnessed the plight of a patient shunted from two to four 
services offering as many different opinions regarding diagnosis or pro- 
posed methods of treatment should well appreciate the value of such 
continuity. 

Although tuberculosis manifests itself clinically in the individual, 
the causes are to be found in the community. Is it not time for tuber- 
culosis workers to mass all their professional resources and, by well 
directed effort on all fronts, discover more cases earlier in their disease? 
They should reduce further the intimacy and duration of contact with 
sputum-positive cases and thereby realize greater returns. To my 
mind, the public tuberculosis hospital has its greatest opportunity for 
service outside its own four walls. 

From the above, it is apparent that if further progress in tuberculosis 
is to be realized, leadership and money are necessary. We must look 
to the private agencies, health departments and tuberculosis hospitals 
for leadership. There must be a reawakening of the fervor and en- 
thusiasm which characterized the early days of the antituberculosis 
campaign. A close integration of the institutions by health departments 
and tuberculosis hospitals is imperative. 

As regards any additional appropriations, it will be necessary, except 
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in a few sections of the country, to look to the states, or perhaps to some 
extent to the federal government, for the additional funds necessary to 
provide an equal opportunity for tuberculosis patients throughout 
the country. 

It must be realized that tuberculosis is commonly found among the 
underprivileged. Ways and means must be found to assist the deserving 
families of tuberculous patients financially in a manner which will be 
free from the stigma of pauperism. If this can be accomplished, then 
the accruing benefits of our public investment in our tuberculosis control 
program will be enormously increased. Without financial aid to the 
family, we can only hope for mediocre results. It would seem futile 
to expect the further development of facilities to meet our present and 
future needs unless there becomes available a promotion program objec- 
tive in vision, economic in purpose and positive in conduct. 


The material quoted in this paper is from: PLunKett, R. E.: Tuberculosis hospitals 
and sanatoria in the United States, Hospitals, 1938, /2, 58-62. 


TUBERCULOUS INFECTION IN KINGSTON, JAMAICA 
A Study Based on X-ray Examinations! 
C. W. WELLS anp H. H. SMITH 


The data accumulated during a tuberculosis survey in Kingston, 
Jamaica are of particular interest, since they pertain to a representative 
sample of the population of a tropical city. The population examined 
comprised, in the main, members of the Negro race, ranging from pure 
black to light and pale brown in color, with a small group of whites, 
East Indians and Chinese. One phase of the study included chest 
X-ray examinations of 4,912 individuals (4,359 tuberculin-positive and 
553 tuberculin-negative) representing 69.1 per cent of the total popula- 
tion of the survey areas. 

For the purpose of analysis, the lesions demonstrated by the X-ray 
have been classified as follows: 


(a) Manifest pulmonary tuberculosis 
1. Childhood type 
2. Adult type 


(b) Latent tuberculosis 
1. Calcified pulmonary nodules 
2. Latent infiltration, childhood type 
(a) Soft or flocculent 
(6) Strandlike 


(c) Tuberculosis of tracheobronchial lymph nodes 
1. Calcified 


2. Massive caseous 


(d) Latent apical tuberculosis 


The results of the X-ray examinations are presented in this paper 
under two headings: (a) the frequency of tuberculous lesions, by survey 


1 These studies were conducted with the support and under the auspices of the Interna- 
tional Health Division of The Rockefeller Foundation, in codperation with the Jamaican 
Government Medical Department. 
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areas, and (b) the frequency of tuberculous lesions in relation to race 
and racial mixtures. 


X-RAY LESIONS ACCORDING TO SURVEY AREAS 


The four areas in the city of Kingston selected for a tuberculosis survey 
were chosen to represent the different economic and social conditions 
prevailing in the city. Areas 1 and 2 were populated largely by the 
poorest classes and contained a larger proportion of the uneducated 
and ignorant classes than the other areas, with many insanitary homes 
and yards with which was associated overcrowding. Area 3 represented 
a middle-class population, and area 4 contained a high percentage of 
the upper middle class with sanitary homes and an absence of overcrowd- 
ing. At least 95 per cent of the population in areas 1 and 2 lived in 
yard rooms,? while in areas 3 and 4 this was true for less than 5 per cent. 

The proportion of black and dark brown individuals differed materially 
in the four areas, being significantly greater in areas 1 and 2. 

Frequency of tuberculous lesions by survey areas: A comparison of the 
frequency of tuberculous lesions by areas cannot be made without some 
adjustment of the data, due to the fact that X-ray examinations in 
areas 3 and 4 were restricted to tuberculin-positive reactors. The 
frequency of lesions among the tuberculin-positive reactors may be 
discussed according to areas, but the results do not lend themselves to 
interpretation in terms of the population as a whole and may be mis- 
leading since the frequency of positive reactors, particularly in area 4, 
was less than in the other areas. 

Table 1 gives the observed frequencies with lesions for areas 1 and 2. 
Table 2 gives similar observations for areas 3 and 4, as well as the number 
of tuberculin nonreactors. These two tables furnish the necessary data 
for the adjustments in frequencies of lesions for areas 3 and 4 given in 
table 3. In adjusting the frequencies it was assumed that the percentage 
of persons with lesions among nonreactors in areas 3 and 4 was the same 
as that observed in areas 1 and 2 combined. The process of adjustment 
was quite simple. The frequencies of positive and of negative tuberculin 
reactors were determined. The percentage of positive reactors in areas 


2 The term “yard room’ describes a mode of living common among the poorer classes in 
certain tropical countries, especially among members of the Negro race, and represents an 
adaption of the kraal, comprising a number of individual rooms, single or in series, each room 
occupied by a different family. The number of families living in one yard may vary from 
two to twenty. 
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3 and 4 was multiplied by the percentage found with lesions in the 
corresponding age and sex group. The percentage of negative reactors 
was multiplied by the percentage found with lesions in areas 1 and 2 
for the same group. The two fractions were added to give the adjusted 
frequencies. 


TABLE 1 


Lesions demonstrable by X-ray in tuberculin tested individuals in areas 1 and 2. These data 
for nonreactors employed in adjusting frequencies for areas 3 and 4 


AREA 1 AREA 2 


Tuberculin-positive Tuberculin-negative Tuberculin-positive Tuberculin-negative 
reactors reactors reactors reactors 


pulmonary 


tuberculosis 
tuberculosis 
Latent apical 
tuberculosis 
tuberculosis 
Latent apical 


Number X-rayed 
Manifest pulmonary 
Latent childhood 
Manifest pulmonary 
Latent childhood 
Total lesions 
Number X-rayed 
Latent apical 
Latent childhood 
Total lesions 
Number X-rayed 
Manifest pulmonary 
Latent childhood 
Total lesions 


Manifest 


Latent apical 
Total lesions 


140 


258 
473 


224 
362 


634 
1,023 


1,657 180 


The percentage of total lesions demonstrable by X-ray examination 
for each area among tuberculin-positive reactors, when corrected to 
a standard population, showed a fair degree of uniformity in three of 
the areas: area 1, 11.3 per cent; area 2, 8.1 per cent; area 3, 9.0 per cent; 
and area 4, 7.4 per cent (table 3). 

The percentages of manifest pulmonary tuberculosis among positive 
reactors for each area were as follows: area 1, 2.1 per cent; area 2, 1.5 
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per cent; area 3, 1.1 per cent; and area 4,0.4 percent. These differences 
are significant (X? = 9.96, P = 0.019). 

The percentages of latent apical lesions among positive reactors for 
each area were as follows: area 1, 2.0 per cent; area 2, 1.8 per cent; area 
3. 1.4 per cent; and area 4, 4.6 per cent. The differences are highly 


TABLE 2 


Lesions demonstrable by X-ray in tuberculin-positive individuals in areas 3 and 4; also the 
number of tuberculin-negative persons in these areas, the latter data employed in calculating 
lesion frequencies to permit comparison with areas I and 2 


AREA 3 AREA 4 


Tuberculin-positive reactors Tuberculin-positive reactors 


Number of tubercu- 
lin-negative indi- 
monary tuber- 

Number of tubercu- 
lin-negative indi- 
viduals 


monary tuber- 
culosis 


Number X- 
rayed 
Manifest pul- 
culosis 
| Latent apical 
Latent child- 
hood 
Total lesions 
Number X- 
rayed 
Manifest pul- 
| Latent apical 
Latent child- 
| Total lesions 


wun 


Ww 
ve) 


99 
110 


158 
303 182 


~ 


143 62 
278 153 


426 5 171 
715 372 


1,141 105 | 289 | 543 


significant (X? = 19.88, P = 0.000) because of the higher frequency 
in area 4. 

The percentages of latent tuberculosis, childhood type, among tuber- 
culin-positive reactors were as follows: area 1, 6.8 per cent; area 2, 4.6 
per cent; area 3, 6.7 per cent; and area 4, 3.1 percent. These differences 
are significant (X? = 14.36, P = 0.003). 

This study permits a grouping of lesions for further comparison 
between areas. Cases of manifest tuberculosis in most instances may 


| 
M 5} 5 | 62 | 29 1|/1| 2] = 
15-29 elalelol 
hi 
M 9} 4/13] 2 
ir 13| 8|21| 6 
tom 4 |14| 12 | 30 | 100 


TUBERCULOUS INFECTION IN KINGSTON, JAMAICA 629 


be subdivided into those of childhood and those of adult type. Cases 
of manifest pulmonary tuberculosis, childhood type, may be added to 
latent tuberculosis, childhood type. The percentages on this basis 
were as follows: area 1, 7.1 per cent; area 2, 4.6 per cent; area 3, 6.8 
per cent; area 4, 3.1 per cent. These differences are highly significant 
(X? = 16.39, P = 0.003). The differences found in percentages between 
areas, when latent apical lesions and manifest pulmonary tuberculosis, 
adult type, were combined, were not significant. 

The high frequency of latent apical lesions in area 4 was found in 
persons over 30 years of age (10.2 per cent). In the other areas the 
percentages for persons over 30 were much lower: area 1, 4.9 per cent; 
area 2, 3.5 per cent; area 3, 3.1 percent. The difference between area 4 
and the other three areas combined is significant. 

The previous discussion has dealt with the frequency of tuberculous 
lesions in tuberculin-positive individuals. As such it concerns a highly 
selected portion of the population and does not reveal a true picture 
of the occurrence and distribution of tuberculous lesions in the general. 
population. Consequently certain adjustments were made in the 
frequencies for areas 3 and 4; the method was described above and the 
results as well as the observed frequencies for areas 1 and 2 are shown 
in table 3. 

This table indicates a higher frequency of tuberculous lesions for 
area 1 than for any of the other areas. This is true of each age group as 
well as of the total for allages. Area 1 also led in the amount of manifest 
pulmonary tuberculosis. Latent apical lesions were found two or three 
times as often in area 4 as in any of the other areas. 

In area 1 there was a higher frequency of lesions among males than 
among females in all age groups. In the other areas lesion frequencies 
were higher among females 15 to 29 years of age. For persons over 30 
years of age the frequency was consistently higher among males. 

In all areas lesion frequency increased with age. With the exception 
of one latent apical lesion in a child in the 10 to 14 year group, all lesions 
in persons under 15 years of age were of the childhood type, two of which 
were manifest. All types of lesions were found in the older age groups, 
the latent childhood type giving place to latent and manifest disease of 
the adult type. 


X-RAY LESIONS IN RELATION TO RACE AND RACIAL MIXTURES 


It has been shown that definite differences in the frequency of demon- 
strable tuberculous lesions were found in the four survey areas in Kings- 
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ton. These areas differed significantly in social and economic conditions, 
as well as in variations in the racial distribution of the population. It 
is not possible to determine with exactness the influence of these several 
factors on the occurrence of tuberculous lesions. An analysis of the 
frequency of lesions on the basis of racial groups has been undertaken, 
dividing the population of the four areas into four classes according 
to racial mixture: black, dark brown, light and pale brown, and others. 
The last group comprises whites, Chinese and East Indians. The 
distribution of the population on this basis is shown in table 4. 

The influence of racial mixture on the frequency of tuberculous infec- 
tion and disease, as revealed by X-ray examination, is shown in table 5. 
These frequencies have been adjusted to the total population tuberculin 
tested as described above. The frequency of lesions among persons in 
the Negro groups varied only slightly. There was more manifest tuber- 


TABLE 4 
Percentage distribution of the survey population by race and racial mixtures 


AREA 2 AREA 3 AREA 4 


30.4 18.1 23.7 
46.5 35.3 20.3 
18.8 42.3 39.2 
4.3 4.3 16.8 


culosis among black individuals, and a somewhat higher frequency of 
latent apical lesions among light and pale brown persons. The only 
real difference shown by the table is that between latent apical lesions 
among whites, Chinese and East Indians and the Negro groups. The 
higher frequency for the group designated “others” becomes more 
marked when age is taken into account since these lesions were confined 
to persons over 30 years of age. 

The results that have been obtained give no conclusive evidence that 
racial mixture is the determining factor influencing the amount or 
character of tuberculous infection. The higher frequency of latent 
apical lesions in light and pale brown individuals and “others” on the 
one hand may be the result of better living conditions as it occurred 
chiefly in areas 3 and 4, whereas the predominance of manifest tuber- 
culosis among black persons may have been associated with unfavorable 
living conditions in area 1. 
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SUMMARY AND CONCLUSIONS 


A study of tuberculosis in the city of Kingston, Jamaica by X-ray 
examination disclosed the relationship of social, economic, hygienic 
and racial factors to the occurrence of tuberculous infection and disease 
in a population living under tropical conditions. 

Manifest pulmonary tuberculosis was found in 1.87 and 1.40 per 
cent of persons in the two poorest areas, in 0.95 per cent in the inter- 
mediate, and in only 0.33 per cent in the most prosperous area. 

A significant difference was found in the frequency of latent (asympto- 
matic) apical tuberculosis in the four surveyed areas, the greatest fre- 
quency (3.65 per cent) being found in the most prosperous area, where 
light brown, pale brown, and white persons were most numerous. Latent 
lesions of childhood type were on the contrary much less frequent in 
this than in other areas; these observations indicate that infection in 
the prosperous area occurred less frequently in children and when it 
occurred in adults was more likely to heal. 

Analysis on the basis of racial mixture showed that manifest pul- 
monary tuberculosis was most frequent in the black, and latent apical 
lesions in the pale brown, but it has not been possible to determine 
whether these differences are hereditary or environmental. 


The authors wish to acknowledge the assistance rendered by Dr. Persis Putnam in con- 
nection with certain details of the statistical work contained in this paper. 
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FLUOROSCOPY DURING PNEUMOTHORAX TREATMENT! 
An Important Aid in the Treatment of Difficult Cases 
LOUIS COHEN anp JOHN V. BLADY 


An experience of eleven years with a large number of pneumothorax 
cases at Eagleville Sanatorium, Eagleville Dispensary and Temple 
University Hospital has given one of us (L. C.) the opportunity of seeing 
many patients in whom an occasional pneumothorax refill, in a hitherto 
easy or well established case, unexpectedly turns out to be difficult or 
impossible. When this happens the operator usually makes several 
needle punctures at different sites in the chest in an effort to find the 
pneumothorax pocket, and he may or may not be successful. In any 
event, the patient is subjected to multiple needle punctures, and often 
there may be untoward effects such as shock, lung puncture, haemoptysis, 
and even the establishment of a pneumothorax with untoward pressure 
effects. Frequently a case must be discontinued because the operator, 
after several attempts to refill, cannot locate the pleural space and is 
forced to abandon the collapse. 

This type of difficult refill suggested to one of us (J. B.) the possibility 
of giving pneumothorax refills directly under fluoroscopic guidance. 
We gave our first refill under fluoroscopic guidance at Temple University 
Hospital on March 3, 1935 to a patient who had had three unsuccessful 
attempts at refilling in the regular clinic that day. Because of these 
difficulties the patient was studied fluoroscopically in the upright and 
in the lateral decubitus positions; at once it was seen that the most 
favorable site for the introduction of the pneumothorax needle was at 
the costophrenic angle, where the space between the visceral and parietal 
pleurae was greatly increased with the patient in the lateral decubitus 
position. Under fluoroscopic guidance the needle was introduced at 
this point and the treatment successfully given. The pneumothorax 
was thereafter easily continued in the regular clinic. 

Our success in this particular case led us to carry out further inves- 
tigation of this procedure so that its usefulness could be properly evalu- 
ated. We published an account of this procedure (3) and since then 

1 From the Departments of Roentgenology ‘and Medicine, Temple University Medical 
School, Philadelphia, and the Eagleville Sanatorium, Eagleville, Pennsylvania. 
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we have continued working along the following lines: (/) comparison 
of the roentgen appearance of the pneumothorax in the upright and 
lateral decubitus positions; (2) further studies on administration of 
artificial pneumothorax under fluoroscopic guidance; (3) fluoroscopic 
observations on the behavior of the thoracic viscera during the adminis- 
tration of the treatment in initial and refill cases; and (4) considera- 
tion of the factors involved in the phenomenon of so called “selective 
pneumothorax.” 


TECHNIQUE 


The procedures and necessary equipment have been described in our 
original publication dealing with this work (3). The ordinary upright 
fluoroscope or the biplane are equally adaptable to the carrying out of 
this procedure. 

The fluoroscopic study in the upright position is made by gradually 
rotating the patient from zero to 180° so that the position or positions 
of choice, demonstrating the relation of the collapsed lung to the pneu- 
mothorax to best advantage, is determined for each patient individually. 
The patient then lies on a stretcher on the unaffected side (lateral decu- 
bitus) with a pillow under the axilla and the diseased side of the chest 
is fluoroscoped using the horizontal ray. The stretcher can readily be 
manipulated so that it will not interfere with the movable supporting 
arm of the fluoroscopic screen or with the screen itself. Here again 
the patient is rolled 45° to either side of the true lateral and observed 
fluoroscopically. The same general precautions are to be observed 
during the fluoroscopy of a pneumothorax patient as are observed in 
any other fluoroscopic examination, namely, a survey of the entire chest 
should first be made utilizing the entire screen (wide aperture) and 
than a further study is carried out with a small aperture for particular 
details. 

It is extremely important that the fluoroscopist have sufficient eye 
adaptation before attempting a study of a pneumothorax patient because 
in many cases it is difficult to ascertain the fine visceral pleural markings 
and adhesions. For this reason fifteen to twenty minutes are spent 
for eye adaptation. 

An ordinary flash light fitted with a red filter or red cellophane pro- 
vides sufficient illumination for preparing the skin and for the operator 
to observe the manometric oscillations and the amount of fluid in the 
bottles without disturbing the adaptation of the fluoroscopist. The 


q 


LOUIS COHEN AND JOHN V. BLADY 


= 
na 
nal 
nal 


Fic. 1. In the upright tracing (ventral projection) a partial collapse of the right lung is 
observed and the lung is in contact with the thoracic wall at the base. In the lateral de- 
cubitus, however, (dorsal projection) no part of the lung is seen in contact with the chest- 
wall and the pneumothorax extends from the apex to the costophrenic angle. 

Fic. 2. In the upright drawing (ventral projection) there is a ‘“‘selective collapse” of the 
right upper lobe while the lower and middle lobes are partially collapsed and are in contact 
with the chest-wall. In the left lateral decubitus (ventral projection) the lower and middle 
lobes fall away from the chest-wall and the pneumothorax extends to the costophrenic angle. 

Fic. 3. As in fig. 2, practically the same findings are observed. All three cases (figs. 1, 
2, & 3) illustrate the position change which occurs when the patient is placed in the lateral 
decubitus. 

Fic. 4. Both diagrams are ventral projections. A partial collapse of the left lung with 
fluid overlying the expanded portion of the lung is demonstrated. These findings are sug- 
gestive of adhesions obliterating the pleural space. However, when the patient is placed in 
the lateral decubitus the fluid gravitates to the apex and the entire left lung falls away from 
the chest-wall and the pneumothorax extends from the apex tothe costophrenic sulcus. This 
is a most important demonstration of an unobliterated pleural space. 
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light should be so arranged as not to cast a direct beam on the screen 
as this interferes with fluoroscopic acuity. 

After the most suitable site for the insertion of the needle has been a 
selected fluoroscopically, the skin is prepared and draped as for any i 
other surgical procedure. Local anaesthesia is employed in every case. 
Then under fluoroscopic guidance the needle is introduced into the 
pleural space and its position is always carefully observed, especially 
in those cases in which the needle is introduced at the costophrenic angle 
or into a very small pneumothorax pocket elsewhere. : 

To protect the operator’s hand from exposure to the primary beam b 
we have devised a lead shield which is readily attached to the operator’s ‘ 
arm and offers adequate protection to the fingers of the hand in case 
they may be exposed momentarily to the primary beam. In addition ; 
to this precaution we have made it a practice to use as small an aperture H 
as possible and to keep the operator’s hand out of the beam at all times. 
In this connection it is advisable also to consider the radiation delivered et 
to the skin of the patient. Though the roentgen output for such f 
a fluoroscopic study is minimal, we avoid any unnecessary prolongation 
of the fluoroscopic procedure. 


Fic. 6 


PNEUMOTHORAX IN THE VERTICAL 
DECUBITUS POSITIONS 


ROENTGEN STUDIES ON THE 
AND LATERAL 


A total of 146 individual position studies was made to determine the 
changes that occur within the pneumothorax chest. On all of these 
cases fluoroscopic tracings, and in some cases roentgenograms, were 
made in both the vertical and lateral decubitis positions. ve 

Our results, after careful comparison of the pneumothorax patient in 
these two positions, indicate that definite changes in the position of 


Fic. 5. Both diagrams are ventral projections. The appearance and position of the ft 

partially collapsed left lung remains unchanged when the patient is placed in the lateral * 

decubitus, indicating obliteration of the pleural space and adherence of the two pleural 

surfaces. Compare with figs. 1, 2 & 3. 

Fic. 6. Both diagrams are ventral projections. The diagrams are self-explanatory. E 
The upper lobe is adherent at the apex and altering the position of the patient produces no tf 
change whatever in the position of this portion of the lung. In the lateral decubitus, how- 
ever, the lower lobe is displaced slightly medially and a larger basilar pneumothorax is noted. 


Fic. 7. Note the lower lobe adhesions. No appreciable change was noted in the appear- a 
ance of the collapsed lung when the patient lay on the uneffected side; the adhesions pre- 
vented any change in the position of the partially collapsed lung. 


Fic. 2 
Fic, 4 
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Fic. 8. The upright roentgenogram is a corsal projection; the left lateral decubitus is a ventral 
projection. A “selective collapse” of the right upper lobe is present; the lower and middle lobes a 
partially collapsed and are in contact with the thoracic wall at the level of the 9th and 10th ribs. |! 
the lateral decubitus position the pneumothorax extends from the apex to the costophrenic ang! 
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the collapsed lung occur when the patient is placed in the lateral decubitus 
position. The upright fluoroscopic tracings and films do not always 
offer the maximum information regarding the condition, position and 
mobility of the lung, the extent of the pneumothorax and the presence 
or absence of adhesions at the base or along the chest-wall. The changes 
that actually occur when a patient is placed from the vertical position 
to the lateral decubitus are best demonstrated by fluoroscopic tracings 
and film records in figures 1 to 10 inclusive. In figures 1, 2, 3, 8 and 9, 
the differences between the upright and lateral decubitus studies are 
readily noted. In all cases in the vertical position the lower lobe was 
found to be in contact with the lateral chest-wall; the lateral decubitus 
position, on the other hand, revealed an entirely mobile, nonadherent 
lower lobe in each case. This latter condition of the lower lobe per- 
mitted the partially collapsed lung to gravitate with the change in 
position and displaced the pneumothorax to a new position along the 
lateral chest-wall from the apex to the costophrenic angle. 

On comparing the upright study in figures 1, 2, 3, and 5 the similarity 
of appearance of the partially expanded lower lobe and the pneumo- 
thorax is noted. In figure 5, however, the lateral decubitus study defi- 
nitely established the fact that the lung was adherent to the chest-wall. 

In figure 4 another situation was encountered. The upright study 
revealed a partial apical collapse with fluid overlying the expanded 
lung; heretofore, this roentgen appearance was usually interpreted 
as indicating a reéxpanding lung or obliterating pneumothorax. Here, 
however, the lateral decubitus study revealed an unobliterated pleural 
space although the lung was quite markedly expanded. We believe 
that this roentgen appearance is produced by fibrinous adhesions. 
Further observation regarding this interesting phenomenon are noted 
in the next section. 


Note the separation of the lung from the diagram at the costophrenic angle thereby increas- 
ing the pneumothorax pocket in this region. (Compare with figs. 1, 2 & 3.) 

Fic. 9. Both roentgenograms are dorsal projections. Atelectasis of the left upper lobe is 
observed while the lower lobe is expanded and is in contact with the thoracic wall. In the 
lateral decubitus, however, the lower lobe has gravitated away from the chest-wall. The 
pneumothorax extends to the costophrenic sulcus. (Compare with figs. 1, 2 & 3.) 

Fic. 10. Both roentgenograms are dorsal projections. The lateral decubitus study 
reveals a slight increase in the pneumothorax at the costophrenic angle. Note how the 
diaphragm has been pulled taut by the displaced lung and heart. (Compare with fig. 6.) 
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ADMINISTRATION OF PNEUMOTHORAX UNDER FLUOROSCOPIC GUIDANCE 


The administration of artificial pneumothorax under fluoroscopic 
guidance is not a routine procedure. It should be reserved for the 
difficult case which is occasionally encountered in every large clinic. 
As a routine procedure it is time consuming and the frequent exposure _ 
of the patient to roentgen rays, even though very slight but continued 
over a long period of time, may be hazardous and, therefore, should 
be avoided. 

Up until January 1, 1936 we attempted fluoroscopic guidance in 86 
cases and have successfully administered refills in 80 cases and induced 
pneumothorax in two initial cases. There were four failures; two of 
which were due to obliterative phenomena of more than a month’s 
duration and the other two were initial cases with widespread disease 
and thickened pleura demonstrated on the roentgenograms. 


Refill treatments... 82 cases 
Successful 80 cases (12 under biplane fluoroscopic guidance; 68 under 
ordinary upright fluoroscope, utilizing horizontal 


ray) 

Unsuccessful.... 2 cases (both had reéxpanded and obliterated over a month 
prior to attempt at refill under fluoroscopic guid- 
ance) 

Initial—only 4 cases attempted 
Successful 2 cases 
Unsuccessful.... 2 cases (both had previously been tried in regular clinic) 


In this method of treatment the lateral decubitus study is of the 
greatest importance. The accepted method of giving pneumothorax 
refills is to have the patient lie on the unaffected side. Likewise, it 
seems that the universally accepted method has been to carry out the 
roentgenographic examination of the pneumothorax patient in the 
upright position. In other words, the study is not made in the same 
position in which treatment is given. In the relatively easy cases this 
procedure is acceptable; however, the difficult cases should always be 
given the benefit of study in the lateral decubitus in an effort to find 
the cause of the difficulty. It is essential for a better understanding 
of the actual difficulties that are present or that one may encounter in 
administering the refill treatment. 

The following indications, we consider, deserve the lateral decubitus 
fluoroscopic study to determine whether fluoroscopic guidance should be 
utilized during the administration of the refill: 
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(1) Inability to find the pleural space 

(2) The presence of air loculi 

(3) The presence of adhesions at site of needle puncture 

(4) All cases of haemoptysis following treatment 

(5) Patients who have missed treatment and have lost collapse 

(6) In cases where the pneumothorax is beginning to obliterate 

(7) In any case in which the treatment is hazardous and might be given with 
greater ease through another site 


The technique, described previously (3), is exceedingly simple and 
requires no additional equipment other than the upright fluoroscope 
and a stretcher. 

Each pneumothorax is an individual problem and likewise the position 
of choice for the insertion of the needle has to be determined for each 
patient individually by a thorough study in lateral decubitus. The 
pneumothorax needle may be safely introduced into the chest at prac- 
tically any point under fluoroscopic guidance. In one of our patients 
(case 2) the fifth interspace, in a midscapular or paravertebral plane, 
was selected and to date has been successfully used in the regular out- 
patient clinic with less hazard to patient and with no untoward sequelae. 

The commonest and most suitable site for the insertion of the needle 
under fluoroscopic guidance is the costophrenic angle. In patients in 
whom the caudal half of the lung is not adherent, the lateral decubitus 
position will reveal a good sized pneumothorax at the costophrenic angle, 
even though this is not seen in the upright study. The location is 
usually at the tenth or eleventh interspace at any point in a plane be- 
tween the anterior and the posterior axillary lines. In this region the 
subcutaneous and muscular tissues are minimal in thickness and hence 
the needle puncture is less traumatizing. About 90 per cent of our 
cases were treated through this site. 

The proximity of the needle to the diaphragm must be carefully 
observed as the diaphragm is oftentimes not more than one-half to one 
inch from the point of the needle and during inspiration may even be 
nearer. However, after the inflation of 100 cc. of air, the diaphragm 
is depressed and there is very little danger of its becoming injured. Two 
of the illustrations (figures 23 and 24) show the needle in relation to the 
diaphragm and the collapsed lung at this site. In one of our cases 
(case 10, figure 20) we observed the needle in contact with the dia- 
phragm on two different occasions and following each of these treatments 
the patient experienced diaphragmatic pain for about 48 hours. Un- 
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doubtedly the diaphragm during its excursions was lacerated by the 
point of the needle. 

In several patients the fluoroscopic study showed the lung adherent 
along the dorsal chest-wall and a large pneumothorax pocket ventral 
to it or vice versa. On the other hand, single anteroposterior or postero- 
anterior fluoroscopic tracings and roentgenograms in the upright position 
did not convey this information to the operator. This explains how 
easily such an adherent lung could be punctured when this situation 
exists and is unknown to the operator. In this type of case a refill 
under fluoroscopic guidance is of the greatest help and it is seldom 
necessary to give more than one or two treatments with fluoroscopic 
aid as the operator soon becomes acquainted with the individual diffi- 
culties and subsequent fluoroscopic tracings in lateral decubitus made 
before each treatment will furnish the necessary information. 

One of the most gratifying results of this work was the reéstablish- 
ment of a pneumothorax in a patient who had reéxpanded and partially 
obliterated. Heretofore, treatment in this type of patient was discon- 
tinued and, if the disease was still active, radical surgery was advised. 
To date, we have had the opportunity to study only one such case (case 
12, figure 22). In this patient we succeeded in reéstablishing a collapse 
although extensive pleuritis of the lower half of the lung prevented 
collapse of this part. Under continued treatment, however, we have 
noticed that the area of adhesive pleuritis has surprisingly decreased 
in size, and string and band adhesions have formed. We believe that 
eventually these adhesions will stretch and elongate and a partial and 
better collapse of this lung will be obtained. 

A very frequent cause of difficulty in the administration of refills is 
the formation of fibrinous adhesions between the visceral and parietal 
pleurae. In five of our cases (cases 1, 3,9, 10 and 11) direct proof of 
the presence of such adhesions is demonstrated not only clinically but 
radiographically. In all these cases the pleural cavity was not located 
and in several cases as many as three unsuccessful chest punctures were 
attempted. In two of the cases blood spitting followed the treatments 
(cases 9 and 11). The study in lateral decubitus in these patients 
demonstrated an expanded and adherent lung. In four patients (cases 
1, 3, 9 and 10) a small pneumothorax was observed at the costophrenic 
angle while the lung above this point was found in contact with the 
thoracic wall in the lateral decubitus position, and, therefore, definitely 
adherent. During the administration of the treatment fluoroscopic 
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observation revealed the gradual separation of the two pleural surfaces, 
whereas in cases where the lung was in contact but not adherent to 
the thoracic wall the collapse of the lung occurred more simultaneously 
and uniformly over the entire nonadherent lung. In one patient (case 1) 
a complete separation of the two pleural surfaces was not accomplished 
during the treatment but occurred at the time of fluoroscopy in the 
erect position shortly after the treatment. 

The demonstration of the presence of these adhesions explains not 
only the inability to locate the pleural cavity but also the ease with 
which the lung may be injured. If treatment is successfully given 
to these patients, and this depends on finding a pneumothorax pocket, 
these adhesions are readily destroyed and separated and the pneumo- 
thorax is reéstablished; however, if treatment is not given fibrous ad- 
hesions replace the fibrinous type and a permanent obliteration of either 
a part or of the entire pleural cavity results. 

The knowledge that this fluoroscopic procedure offers an indispensable 
aid in the treatment of our difficult cases has prompted us to establish 
a fluoroscopic pneumothorax clinic, to which only difficult cases are 
referred. In our regular pneumothorax clinic, our rule is not to subject 
a patient to more than one unsuccessful puncture. If the pleural 
space is not located on the first attempt, there is a reason or reasons 
for the failure and the patient is referred for a complete fluoroscopic 
study in lateral decubitus. The difficulty is usually readily explained 
by this study and the fluoroscopist advises as to the best site for needle 
puncture or suggests that treatment be done under fluoroscopic guidance. 
All our cases are subjected at intervals to a thorough fluoroscopic study 
in lateral decubitus in addition to the upright position. 

It is our belief that this study in lateral decubitus not only acquaints 
us better with the pneumothorax of our patients, but will aid in detecting 
early changes which doubtless would not be observed in the upright 
position alone. The possession of these additional procedures has given 
us a feeling of safety and assurance about difficult cases which we never 
enjoyed before. 

We have found fluoroscopic guidance of no great value in performing 
initial pneumothoraces. However, in determining the best site for 
the introduction of the pneumothorax needle in an initial case, the area 
of least pleural involvement should be localized by either a complete 
roentgenographic examination or by fluoroscopy, as this offers the 
best chance of finding an unobliterated pleural space. 
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CASE REPORTS 


The following illustrated cases present some of the interesting, unusual 
and puzzling problems in the diagnosis and treatment of the difficult 
pneumothorax, which with the aid of the study in lateral decubitus 
were explained and were successfully treated under fluoroscopic guidance . 
during the administration of the refill. 


Case 1: (J. G.) This patient was under artificial pneumothorax treatment for 
approximately four years. In March, 1935, in spite of an apparently good 
upright fluoroscopic tracing, the pneumothorax could not be located. Three 
times the pneumothorax needle was inserted through the chest-wall unsuccess- 
fully. Because of this, the patient was referred for special fluoroscopic study. 
The pneumothorax was confined to the anterior and anterior axillary portions 
of the pleural cavity. The lateral decubitus revealed pneumothorax pockets 
at the apex and at the costophrenic angle. Several consecutive refills were 
given at the costophrenic angle under fluoroscopic guidance and then the pa- 
tient was referred back to the outpatient clinic. In October, 1935, because of 
failure to locate the pleural space, the patient was again referred to the fluoro- 
scopic pneumothorax clinic. At this time the upright tracing revealed the 
caudal half of the right lung in contact with the chest-wall in the axillary line. 
In the lateral decubitus this portion of the lung was found adherent to the 
chest-wall; at the costophrenic angle, however, a small pneumothorax pocket 
was visualized. Under fluoroscopic guidance the refill treatment was ad- 
ministered through this site and an excellent collapse was obtained. The ad- 
herent lung gradually separated from the chest-wall except for a portion which 
remained adherent above the costophrenic angle. When the patient was 
studied in the upright posture, immediately after the treatment, the lung was 
seen to fall away from the chest-wall. 

This case illustrates the presence of fibrinous adhesions between the two pleu- 
ral parietes and how readily these may be separated by pneumothorax. There 
has been no further difficulty and the patient is receiving refills at the regular 
outpatient clinic. (See figures 11A, B, C, D.) 


Case 2: (E.M.) This patient has a bilateral pneumothorax; on the left side 
the pneumothorax has been continued for three years while on the right for 
one year. 

On October 23, 1935 the operator experienced difficulty in locating the pleu- 
ral space on the left side. Fluoroscopy in the lateral decubitus position re- 
vealed that the entire lung was found in contact with the chest-wall except for a 
small pocket of pneumothorax at the costophrenic sulcus, measuring approxi- 
mately 3 to 4 cm. in width and 6 to 7 cm. in length. 

Under fluoroscopic guidance the pneumothorax needle was introduced into 
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this pocket (figure 23) and 300 cc. of air was injected without difficulty. The 
resulting partial collapse was satisfactory. Practically the entire lung peeled 
away from the chest-wall except for a portion above the costophrenic angle in 
the axillary line where the lung was densely adherent. (See figures 12A, B, 
C, D.) 


Case 3: (M. J.) This patient had been under pneumothorax treatment for 
approximately six months and had never presented any difficulty. On Oc- 
tober 23, 1935 the diagram in upright posture (figure 13A) showed a partial 
collapse of the left lung with the pneumothorax pocket extending from the 
apex along the axillary line to a point midway between the costophrenic angle 
and the axilla. The study in lateral decubitus position (figure 13B) demon- 
strated a small pocket of air at the costophrenic sulcus, above which the lung 
was attached to the chest-wall. At the level of the axilla and at the apex a 
large pneumothorax space was seen. This fluoroscopic finding explained the 
reason for the difficulty in locating the pleural space. Apparently the pneu- 
mothorax needle would strike the adherent lung and consequently the pleural 
space was not located. 

Under fluoroscopic guidance the needle was introduced at the costophrenic 
angle and the treatment was administered without difficulty. During the 
refill the lung was observed to peel away slowly from the chest-wall and a 
satisfactory collapse was obtained. 


The patient received three treatments under fluoroscopic guidance and after 
a satisfactory pneumothorax was reéstablished and maintained the patient 
was sent back to the dispensary for further refills in the regular clinic. (See 
figures 13A, B, C, D.) 


Case 4: (J. M.) Artificial pneumothorax has been maintained for three years. 
On November 1, 1935 in spite of a favorable fluoroscopic tracing in upright 
position, the operator did not find the pneumothorax after inserting the needle 
in the usual site between the anterior and midaxillary lines. Only one attempt 
was made and the patient was referred to the fluoroscopic pneumothorax 
clinic. 

Fluoroscopy revealed no evidence of pneumothorax when patient was placed 
in left lateral decubitus, left anterior oblique position (figure 14B). The 
right anterior oblique (100°-110°) (figure 14C), on the other hand, showed a 
large pneumothorax pocket indicating that the lung was expanded along the 
ventral chest-wall. 

The treatment was successfully administered through the fifth interspace, 
in the posterior axillary line. Since then this new site has been used and the 
treatments have been successfully carried out in the regular pneumothorax 
refill clinic. (See figures 14A, B, C, D.) 
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Fic. 11. Case 1. The upright tracings are ventral projections and the lateral decubitus 
studies are dorsal projections. In A and B partial adherence of the parietal and visceral 
pleurae is demonstrated. The pneumothorax needle was introduced into the pneumothorax 
pocket at the costophrenic angle under fluoroscopic guidance (see arrow in B) and the treat- 
ment was successfully given. The lung did not entirely separate from the chest-wall as is 
noted in (C). When the patient was studied in the upright posture, immediately after the 
treatment, (D) the lung was seen to tear away from the chest-wall. This case illustrates 
the presence of fibrinous adhesions between the two pleural parietes and how readily these 
adhesions may be separated if treatment can be continued and the adhesions are not allowed 
to form into fibrous bands. 

Fic. 12. Case 2. The upright tracings are ventral projections and the lateral decubitus 
studies are dorsal projections. The costophrenic pneumothorax pocket is demonstrated in 
diagrams A & B. The pneumothorax needle was introduced into the costophrenic pocket 
under fluoroscopic guidance (see fig. 23), and the resulting collapse is shown in C & D. 

Fic. 13. Case3. The upright tracings are ventral projections; the horizontal diagrams are 
dorsal projections. In the right lateral decubitus (B) the small costophrenic pocket of pneu- 
mothorax is seen and the adherence of part of the lung to the thoracic wall is demonstrated. 
The pneumothorax needle was introduced into the costophrenic pneumothorax pocket in- 
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Case 5: (J. B.) This patient has been under artificial pneumothorax treat- 
ment since November, 1934. No difficulty was encountered during the ad- 
ministration of refills until June, 1935 when the fluoroscopic tracing in upright 
posture showed a very thin line of radiolucency along the axillary line repre- 
senting the pneumothorax. At the apex the lung was adherent. In spite of 
this fluoroscopic appearance the operator made several chest punctures and 
was unable to find the pneumothorax space. The patient was then referred to 
the fluoroscopic pneumothorax clinic for study. 

Preliminary fluoroscopy confirmed the original upright tracing. The study 
in right lateral decubitus, however, revealed a large pneumothorax space at 
the costophrenic angle. This site was chosen for the needle puncture and under 
fluoroscopic guidance the treatment was successfully given. Since then the 
patient has been receiving weekly treatments without difficulty and now has a 
satisfactory collapse. A more recent study shows the formation of band ad- 
hesions at the apex from what was previously an extensive apical adhesive 
pleuritis. (See figures 15A, B, C, D, E, F.) 


Case 6: (L. B.) This patient had been under treatment for three months 
and had responded well to collapse therapy. The fluoroscopic tracing in 
upright posture showed a partial collapse of the lower lobe and no suspicion 
was entertained that difficulty might be encountered in giving the treatment. 

The operator attempted to give the refill at the usual site, fifth interspace 
in the midaxillary line, but was unable to locate the pneumothorax. The 
patient was immediately referred to the fluoroscopic pneumothorax clinic. 
The following observations explained the operator’s difficulty in giving the 
treatment. In the upright position the left lung was partially collapsed and at 
the caudal border of the upper lobe in the anterior axillary line adhesions were 
found extending to the chest-wall at the level of the axilla. The lower lobe 
did not appear to be in contact with the chest-wall in the axillary line. The 
right lateral decubitus, however, showed that the portion of the lower lobe 
adjacent to the adherent part of the upper lobe was in contact with the chest- 
wall and apparently the operator’s needle struck this region. By rotating the 


dicated by the arrow in B, and the resulting satisfactory collapse is shown in C & D. This 
case demonstrates the presence of fibrinous adhesions and again we see how easily they 
may be separated. Note also how easily the adherent lung could be injured if the pneu- 
mothorax needle was introduced into the chest at the point where the lung is adherent. 

Fic. 14. Case 4. The upright tracings are ventral projections; the others are dorsal pro- 
jections. In spite of the roentgen appearance of the chest in the upright posture (A) diffi- 
culty was encountered. In the left lateral decubitus left anterior oblique position (B) no 
pneumothorax was seen; in the right anterior oblique (C), however, a large pneumothorax 
was found, indicating that the lung was expanded along the ventral chest-wall and the pneu- 
mothorax was dorsal. Under fluoroscopic guidance the treatment was successfully adminis- 
tered through the fifth interspace in the posterior axillary line (arrow in C). 
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Fic. 15. Case 5. All the tracings are ventral projections. Diagram B demonstrates 
the pneumothorax at the time several punctures were made without success in locating the 
pneumothorax. The lateral decubitus study (C) revealed a large pocket of gas at the costo- 
phrenic sulcus. Under fluoroscopic guidance the needle was introduced at this point and 
the treatment was successfully given (arrow in C). The resulting collapse is shown in dia- 
grams D & E. In diagram F the appearance of the chest is shown several months later and 
demonstrates how under continued pneumothorax treatment the extensive and adherent 
pleuritis at the apex separates and forms band adhesions. 

Fic. 16. Case 6. The upright tracings are ventral projections while the horizontal trac- 
ings are dorsal projections. The diagram B demonstrates the adherent lung along the mid- 
axillary line, and the cause for the unsuccessful attempt in locating the pneumothorax 
through the usual site, fifth interspace in the midaxillary line. The left and right anterior 
oblique positions demonstrated that the lung was reéxpanded and adherent to the anterior 
chest-wall to the level of the midaxillary line. The needle introduced in this region struck 
the adherent lung. Under fluoroscopic guidance the needle was then introduced through 
the eighth interspace in the posterior axillary line and the treatment was successfully given. 
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patient from a right anterior oblique to a left anterior oblique position it was 
determined that the left lower lobe had expanded along the ventral chest-wall 
to the level of the midaxillary line in the sagittal plane and that the pneumo- 
thorax was confined to the dorsal third of the left chest. 

The patient was treated under fluoroscopic guidance through the eighth 
interspace in the posterior axillary line and since then the posterior axillary 
or midscapular sites have offered no difficulty in giving the refill. (See figures 
16A, B, C, D, E.) 


Case 7: (M. B.) This patient had been under artificial pneumothorax treat- 
ment for several years and no difficulty had ever been encountered in giving 
refills through the midscapular line. Because of difficulty in administering the 
treatment through the usual site, the patient was referred for special fluoro- 
scopic study. 

The upright position revealed a partial collapse of both lobes ‘of the left 
lung. The upper lobe was found adherent from the apex to the level of the 
axilla. The lower lobe was partially collapsed and did not appear to be adher- 
ent to the chest-wall. The right lateral decubitus, left anterior oblique po- 
sition (120°) (figure 17C), demonstrated the important fact that the lower 
lobe was in contact with the chest-wall. Two pneumothorax pockets were 
noted; one at the costophrenic angle and the other between the two lobes at 
the level of the axilla. When the patient was rotated to the true lateral 
decubitus (90°) (figure 17B), and to a right anterior oblique lateral decubitus 
(60°) a large pneumothorax was seen in the caudal half of the left chest. These 
observations demonstrated that the lower lobe was partially collapsed and was 
adherent along the dorsal chest-wall to the level of the posterior axillary line. 
Hence, when the needle was introduced through the midscapular line, it met 
lung tissue. The treatment was given in the anterior axillary line through the 
fourth interspace and no difficulty was experienced. Since then the patient 
has been treated successfully through this approach without the use of direct 
fluoroscopic guidance. (See figures 17A, B, C, D, E.) 


Case 8: (F. S.) This patient had been attending the Eagleville Dispensary 
Clinic for several months and had always been comparatively easy to inflate. 
On November 8, 1935, the needle was introduced at the usual site (sixth inter- 


Fic. 17. Case 7. The upright tracings are ventral projections while the horizontal dia- 
grams are dorsal projections. Diagrams B & C demonstrate the important fact that the 
ventral portion of the lower lobe is partially collapsed and the lobe is adherent along the 
dorsal chest-wall to the level of the posterior axillary line. This explains the difficulty 
encountered when the needle was introduced through the usual midaxillary site. The 
treatment was successfully given through the fourth interspace in the anterior axillary line 
under fluoroscopic guidance. 
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space in posterior scapular line), but the operator was unable to locate the pneu- 
mothorax. No further attempts were made and the patient was referred to 
the fluoroscopic clinic. 

Fluoroscopy in the upright position on November 12, 1935 revealed a par- 
tial collapse of the left lung and the presence of adhesions at the apex and at the 


level of the axilla (figure 18A). The left lower lobe was found expanded and . 


in contact with the chest-wall in the axillary line, except at the costophrenic 
angle where a small pocket of pneumothorax was noted. In the right lateral 
decubitus (figure 18B) these findings were corroborated and it was noted that 
by rotating the patient to a left anterior oblique (120°) right lateral decubitus 
position the costophrenic pneumothorax pocket was increased. These ob- 
servations explained the difficulty in administering the refill to this patient. 
The left lower lobe had reéxpanded and was adherent to the dorsal chest- 
wall. The needle when introduced in this region did not enter the pneumo- 
thorax but impinged against the expanded lung. 

Under fluoroscopic guidance the needle was introduced into the pneumo- 
thorax pocket at the costophrenic angle (figure 24) without the slightest diffi- 
culty and the refill was successfully administered. Since then the refills have 
been continued without fluoroscopic aid. (See figures 18A, B, C, D, E and 
figure 24.) 


Case 9: (H. F.) This patient had been under artificial pneumothorax treat- 
ment for one year and a very satisfactory collapse had always been main- 
tained with ease. On November 5, 1935, in spite of a partial collapse as shown 
by the fluoroscopic tracing (figure 19B), the operator failed to enter the pleu- 
ral cavity and blood spitting resulted. Only one attempt was made and the 
patient was referred for fluoroscopic study. 

Fluoroscopic tracings and the roentgenogram in the upright position re- 
vealed a partial collapse of the right lung. At the level of the fifth rib in the 
midaxillary line, the site of usual needle puncture, the lung was found approxi- 
mating the chest-wall. In the right lateral decubitus and in the right anterior 
oblique lateral decubitus positions (figures 19C and D), the lung was found 
adherent to the chest-wall and at the costophrenic angle a small pneumothorax 
pocket was visualized. 

The needle was introduced into this pneumothorax pocket under fluoro- 
scopic guidance and a very satisfactory collapse of the entire lung was obtained. 
During fluoroscopy the adherent lung was observed to peel away slowly from 
the chest-wall, indicating the presence of fibrinous adhesions between the parie- 
tal and visceral pleurae. Since then the patient has been successfully treated 
in the regular pneumothorax clinic. (See figures 19A, B, C, D, E, F.) 


Case 10: (I. G.) This patient had artificial pneumothorax treatment on the 
left side for 6 years; two years ago it was discontinued. In September, 1933 
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Fic. 18. Case 8. A & C are ventral projections; B & D are dorsal projections and E is a 
right anterior oblique 45° dorsal projection. Diagrams A & B demonstrate the adherent 
lung along the axillary line. Pneumothorax is seen at the apex and at the costophrenic 
angle. The difficulty in locating the pneumothorax was due to introducing the needle into 
the area of obliterated pleural space. Under fluoroscopic guidance the needle was introduced 
into the costophrenic pocket and the refill was successfully given. C, D & E show the appear- 
ance of the left chest after treatment. (See fig. 24.) 

Fic. 19. Case 9. The upright tracings are ventral projections while the horizontal dia- 
grams are dorsal projections. In spite of the fluoroscopic appearance as is shown in B the 
pneumothorax was not located and blood spitting followed the attempt at refill. The left 
lateral decubitus study (C & D) showed that the lung had reéxpanded and had become 
adherent to the chest-wall. Under fluoroscopic guidance the pneumothorax needle was 
introduced into the costophrenic pneumothorax pocket and a successful treatment was 
carried out (E & F). During fluoroscopy the adherent lung was observed to peel away 
slowly from the chest-wall, indicating the presence of fibrinous adhesions. 

Fic. 20. Case 10. A, B & D are ventral projections; C & E are dorsal projections. A 
shows appearance of bilateral collapse on November 18, 1933. Diagrams B & C demon- 
strate the reéxpanded and adherent lung—the reason for the encountered difficulty. Under 
fluoroscopic guidance the pneumothorax needle was introduced into the costophrenic pocket 
and the treatment was successfully given as is shown by diagrams D & E. Here again we 
observe the presence of fibrinous adhesions. 
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artificial pneumothorax was started on the right side. In June, 1935 diffi- 
culty was experienced for the first time in administering the refill. 
Fluoroscopic study revealed an apical pneumothorax pocket extending to the 
level of the axilla. In the caudal half of the right chest the lung was in con- 
tact with the thoracic cage. The left lateral decubitus demonstrated the ad- 


herence of the lung along the axillary line and the presence of a minimal pneu- . 


mothorax pocket at the costophrenic angle. This pocket was the smallest 
we have ever attempted to enter; comparatively speaking it was no larger in 
size than a quarter. With the utmost precaution the pneumothorax needle 
was introduced into this space and under continual fluoroscopic observation 
the treatment was successfully given. Here again fibrinous adhesions were 
present and accounted for the difficulty experienced in administering the 
treatment. 

In this patient, on two occasions, we had observed that the diaphragm during 
its excursions would come in contact with the point of the needle. Following 
each of these treatments the patient complained of diaphragmatic pain. We 
believe that the pain was the result of injury to the diaphragm when the latter 
impinged against the point of the needle during the administration of the 
treatment. It was found necessary to give only three treatments under 
fluoroscopic guidance and since, the patient has been receiving treatment in 
the regular refill clinic. (See figures 20A, B, C, D.) 


Case 11: (F. L.) This patient had artificial pneumothorax treatment since 
April, 1934. His collapse was never marked and limited to the cephalic half 
of the right lung. The pneumothorax needle had always been introduced at 
the highest point in the axilla and haemoptysis frequently occurred. On 
several occasions three attempts were necessary to locate the pneumothorax. 
For these reasons the patient was referred for special fluoroscopic study. 
The left lateral decubitus position revealed that the caudal two-thirds of the 
right lung had expanded and were adherent to the dorsal chest-wall, and the 
pneumothorax was confined to the apex. The left lateral decubitus, right 
anterior oblique (figure 21C) showed a fairly large pneumothorax pocket 
along the dorsum of the chest. Because of the greater thickness of the soft 
tissues in the posterior axillary line and the presence of the overlying scapula, 
the paravertebral region was chosen as the more satisfactory site for the needle 
insertion. The needle was readily introduced through the fifth interspace 
paravertebrally (figure 21C arrow, and figure 25) and the treatment was 
successfully carried out. Since then this has been the position of choice for 
the needle puncture and the treatments have been given without difficulty in 
the regular clinic. 

For treatment in this position the patient lies obliquely (45°) resting on 
the unaffected side with arm abducted (180°) and the anterolateral chest-wall 
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Fic. 21. Case 11. The upright tracings are ventral projections and the horizontal dia- 
grams are dorsal projections. Both the upright (A) and the lateral decubitus (B) diagrams 
show the right lung expanded and adherent to the chest-wall. This finding accounts for the 
difficulty in giving refills and also for the blood spitting sequelae. The left lateral decubitus, 
right anterior oblique (C) showed a fairly large pneumothorax pocket along the dorsum of 
the chest at the apex. Under fluoroscopic guidance the pneumothorax needle was intro- 
duced through the fifth interspace paravertebrally (C), and the treatment was given suc- 
cessfully as is shown by diagrams D& E. (See fig. 25.) 

Fic. 22. Case 12. All the upright tracings are ventral projections; the horizontal trac- 
ings are dorsal projections; E is a right anterior oblique position, while H is a right lateral 
decubitus, left anterior oblique. 

In October and November, 1935 the patient missed two treatments and on November 
12, 1935 (C) the pneumothorax was not located. Only one attempt was made. Fluoroscopy 
revealed only a small pocket of air along the posterior axillary line at the level of the axilla 
(C&D). The pneumothorax needle was introduced into this pocket of air under fluoroscopic 
guidance and 400 cc. of air was introduced with the production of collapse as shown in E & F. 

This patient represents that type of case which is ordinarily given up as hopeless for con- 
tinuation of the artificial pneumothorax because of reéxpansion and obliteration. If de- 
tected early enough the obliterative phenomenon can be successfully combated as has been 
demonstrated by this case. 
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and the anterior axillary fold in apposition with the table. The approach 
through the dorsum of the chest can be made easy by displacing the scapula 
toward the axilla. This can be manoeuvred by abducting the arm (180°), 
flexing the elbow and then abducting and internally rotating the elbow. This 
manoeuvre brings the scapula laterad and somewhat cephalad, thus exposing a 
larger area of the dorsum of the chest. (See figures 21A, B, C, D, E.) 


Fic. 23 Fic. 24 

Fic. 23. Case 2. Roentgenogram made just before treatment showing the position and 
relation of the pneumothorax needle to the diaphragm and lung (see fig. 12). 

Fic. 24. Case 8. Roentgenograms showing the position of the pneumothorax needle at 
the costophrenic angle and its proximity to the diaphragm and the expanded lung just 
prior to the refill. Note how small the pneumothorax pocket may be for a successful refill 
under fluoroscopic guidance. 


Fic. 25. Case 11. Roentgenogram made during the fluoroscopic administration of the 
refill. This is a left lateral decubitus, right anterior oblique, dorsal projection showing the 
needle in situ in the paravertebral region. 


Case 12: (A. P.) Artificial pneumothorax was started on the left side in July, 
1934. Beginning in July, 1935 the left side began to show evidence of not 
being able to retain a satisfactory pneumothorax for an interval greater than 
one week. The patient missed two treatments and on November 12, 1935 
the needle was introduced at the usual site in the eighth interspace in the mid- 
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scapular line, but the pleural space could not be located. Because of our 
previous experiences no further attempts were made as we deemed this of 
sufficient importance to warrant special study. 

Fluoroscopy revealed the fact that the entire left lung had reéxpanded ex- 
cept for a small pocket of air along the posterior axillary line at the level of 
the axilla. The lateral decubitus confirmed the presence of this pocket of air; 
it also demonstrated some air at the base near the costophrenic angle where 
there appeared to be several fine adhesions. Under fluoroscopic guidance we 
attempted to enter the costophrenic pocket but discovered that we were deal- 
ing with loculated pneumothorax collections. We decided, therefore, to try 
the pocket of gas higher up. Placing the patient in a left anterior oblique 
right lateral decubitus position’ (figure 22D) enabled us to visualize this pocket 
most satisfactorily. The actual site of needle puncture was selected by fluor- 
oscopy and the pneumothorax was readily entered. Four hundred cubic centi- 
metres of gas were given and only a localized collapse of the middle third of the 
left lung was obtained. The adhesions forming the loculi at the base were now 
definitely noted. Since then the patient has been receiving the refill treat- 
ment through this same site without fluoroscopic guidance and no difficulty 
has presented itself to date. In fact, the collapse has been reéstablished, 
the left upper lobe being well collapsed and the lower lobe being partially 
collapsed in spite of the costophrenic adhesions. The patient represents that 
group of difficult cases who are given up as hopeless because the obliterative 
phenomenon could not be successfully combated. (See figures 22A, B, C, 
D, E, F, G, H.) 


FLUOROSCOPIC OBSERVATIONS ON THE LUNG AND HEART DURING THE 
ADMINISTRATION OF ARTIFICIAL PNEUMOTHORAX 


The induction of artificial pneumothorax under fluoroscopic guidance 
has given us the opportunity to observe the reactions of the thoracic 
viscera during the injection of the gas into the pleural cavity in initial 
and in refill cases. 

In the initial cases it is not.only interesting but amazing to watch the 
changes that occur in the appearance and in the position of the thoracic 
viscera when a pneumothorax is established. As the air is injected 
the lung adjacent to the point of the needle slowly peels away from the 
chest-wall and the separation of the visceral and the parietal pleurae is 
visible on the fluoroscopic screen. As the pressure in the pleural space 
increases the diaphragm becomes depressed and its contour assumes 
a straight line, such as is seen in the state of contraction. As a result 
the pneumothorax at the costophrenic angle becomes most prominent. 
In most cases the disease is limited to the upper lobes and this part 
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of the lung is the last to show any change. If the disease is centrally 
located so that there is very little or no pleural reaction this part collapses 
as readily as does the affected part of the lung. If, on the other hand, 
there is evidence of pleural reaction then the diseased lung collapses 
only where the two pleural parietes are not adherent. 

In addition to these pulmonary changes a very definite shifting of 
the mediastinum to the unaffected side is noted. In some cases air 
is seen between the mediastinal structures and the lung. 

A very interesting observation in two of our initial cases was the 
peculiar dancing or jumping movement of the heart,.which might be 
characterized as a rhythmical swinging except that occasionally the heart 
actually appeared to jump. The onset of this dancing phenomenon 
occurred shortly after 100 to 200 cc. of air had been injected. A similar 
phenomenon was observed in the refill cases although it was not quite 
as striking. The heart commenced its dancing gyrations after 50 to 
100 cc. of air had been injected. In some patients this peculiarity of 
the cardiac pulsation was more marked than in others. It was inter- 
esting to note, however, that in a majority of our patients, when they 
were examined fluoroscopically in the standing position five to ten 
minutes after the treatment, the pulsation of the heart had assumed 
a more normal character, even though there was still a certain amount 
of to and fro shifting of the entire heart with each beat. This peculiar 
movement had been described as the characteristic heart movement 
in pneumothorax. In most cases a slight increase in the heart rate 
was noted. The radial pulse usually increased from 4 to 10 beats during 
the administration of the treatment. 

In the majority of the refill cases the injection of air first resulted in 
a partial depression (contraction) of the diaphragm followed by a gradual 
collapse of the lung; while in others the first changes were observed in 
the lung and the diaphragm did not become flattened until the pressure 
approached a neutral reading. In all of these cases pressure was exerted 
on the mediastinum and there was either a shifting of the entire medi- 
astinum and its contents, or a bulging and sometimes even a herniation 
into the opposite pleural cavity, unless marked fixation of the medi- 
astinum was present. 

We observed small amounts of fluid at the costophrenic angle in 
practically all of our refill cases. The fluid was minimal in amount 
and its level was nearly always seen well below the dome of the dia- 
phragm. The presence of this fluid was oftentimes more easily demon- 
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strated by fluoroscopy than on the X-ray films. In one of our initial 
cases we had the unusual opportunity to observe a small amount of 
fluid at the costophrenic angle immediately after the institution of the 
collapse. 

It is practically impossible to describe verbally one’s reactions when 
he observes all of these changes actually taking place before him on 
the fluoroscopic screen. Here, as in other fields, fluoroscopy has per- 
mitted us to observe and actually see what before we could only attempt 
to visualize in our imagination. 


SELECTIVE COLLAPSE 


Our fluoroscopic and roentgenographic observations in the study of 
pneumothorax patients have shown that the characteristic appearance 
of the lung in “‘selective pneumothorax,” or “‘selective collapse,” often- 
times disappears when the patient is placed in lateral decubitus. In 
many of the cases the selectively collapsed lung would shift to the apex 
and the pneumothorax would be greatest at the costophrenic angle and 
along the axillary line. These observations suggested that ‘selective 
collapse” is either a shape which the lung assumes in the presence of 
pneumothorax in the upright position only, or that there is another 
underlying principle in this type of collapse. 

The term “selective collapse” was coined to designate the type of 
collapse resulting in a compression of the diseased portion of the lung 
without seriously affecting the relatively healthy lung tissue. The 
advantage of this type of collapse was soon recognized and several 
theories were advanced from time to time in attempts to explain this 
phenomenon. Barlow (1), who first called attention to this type of 
collapse in 1922, suggested that the loss of the elastic tissue along with 
a natural tendency to collapse resulted in a gradual compression of 
the diseased portion of the lung. The loss of this normal structure 
prevented expansion of the diseased tissue; the surrounding normal 
tissue, however, would continue to expand almost to its normal limit. 

Hennel and Stivelman (11) accepted this term with reservation and 
Bendove (2) suggested that the term might be misleading, although 
he subscribed to the idea that the greatest amount of collapse occurred 
in the diseased part of the lung. The following excerpt explains very 
definitely his concept of this phenomenon. 


There is no affinity of the diseased part for the air, neither is there a predilection 
in the air for the diseased part. It is simply a natural phenomenon explained 
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on physico-dynamic laws of displacement. The diseased, contracted part has 
either no respiratory movement at all or, if present, they are of very limited 
range, while the movements of the functioning lung are of a large amplitude 
and they drive the air out, or displace the air, which will naturally follow the 
line of least resistance, that is, the empty space produced by the contraction 
of the diseased portion. 


Cutler (8, 9, 10) advanced Bendove’s (2) conception a step further 
and considered the “‘expansile pulmonic force” the agent eventually 
responsible for the selective collapse. The expansile action of the 
healthy part of the treated lung by repeated expansion forced the im- 
prisoned air in the pleural cavity toward the diseased part, thereby 
producing a gradual complete collapse which would then be indefinitely 
maintained. Henske and Ehlers (12) and Bronfin (4) did not believe 
that this constant hammering of the expansile force played any réle in 
the development of a selective collapse. 

The classical work of Coryllos (5, 6, 7) and his coworkers, on the 
pathological physiology in tuberculosis and on the gas exchange in the 
pulmonary tissues has explained many of the puzzling phenomena ob- 
served in tuberculosis. Coryllos (7) believes that the so called ‘‘selective 
collapse” of the lung already existed before the pneumothorax was 
induced so that the latter merely rendered the collapse apparent, the 
underlying principle being an atelectasis of the diseased lung. On the 
roentgenogram oftentimes the trachea and heart are seen displaced to 
the affected side and the diaphragm may be elevated. The intrapleural 
pressure in such cases was definitely lower and after the induction of 
pneumothorax these structures returned to their normal position. The 
intrapleural pressure, however, was maintained negative, thus precluding 
any argument that this resulted from compression. 

We are in accord with this concept. In addition, however, we believe 
that quite frequently the selective collapse is formed or increases in 
extent after pneumothorax induction. In pulmonary tuberculosis 
bronchial lesions are commonly observed and such bronchi are easily 
obstructed either partially or completely. The presence of inflammatory 
reaction, allergic oedema, granulations, scar tissue and accumulation of 
secretions in the bronchus will aid in the production of an occlusion of 
the bronchus. By virtue of a pneumothorax or increase of the intra- 
pleural pressure the collapse or occlusion of the diseased bronchi is 
readily accomplished. Thus an atelectasis of part of the diseased lung 


FLUOROSCOPY DURING PNEUMOTHORAX 659 


communicating with such a bronchus is produced and a so called “‘selec- 
tive collapse”’ is obtained. 

The position studies have shown that the entire lung changes some- 
what in shape and in position when the patient is placed in the lateral 
decubitus. The area of atelectatic diseased tissue remains unchanged, 
but the remaining portion of the lung appears to be more collapsed then 
when viewed in the upright position. The explanation is a purely 
mechanical one. The normal lung is attached at the hilum and the 
parenchyma of the lung is expanded by the negative intrapleural pressure 
to fill the entire pleural space. After pneumothorax, however, the lung 
is partially collapsed, the intrapleural pressure is less negative, and if 
the visceral and parietal layers of the pleura are not adherent, the 
now smaller lung is permitted a limited amount of shifting within the 
pleural space. The mobility of the mediastinum and diaphragm are 
other factors exerting some influence on the position of the pneumo- 
thorax lung in the vertical and lateral decubitus positions. 


SUMMARY AND CONCLUSIONS 


We have made position studies in 146 individual pneumothorax 
patients and have administered 86 individual pneumothorax treatments 
under fluoroscopic guidance; seventy-four treatments were performed 
with the aid of an ordinary upright fluoroscope and twelve with the 
guidance of a biplane fluoroscope. The ordinary upright fluoroscope 
proved the more satisfactory for our purpose. 

The most glaring error in the present method of pneumothorax study 
is the fact that the fluoroscopic examination is usually made in the 
upright position while the treatment is administered in the lateral 
decubitus. Our studies on the pneumothorax patient in the lateral 
decubitus and upright positions have shown that definite changes in the 
position of the collapsed lung occur when the patient is studied in the 
lateral decubitus. The cause of difficulty encountered in the admin- 
istration of the refill treatment can be found and oftentimes easily 
remedied. In the relatively easy cases this procedure is acceptable; 
however, the difficult cases should always be studied in the lateral 
decubitus in an effort to find the cause of the difficulty. 

The administration of artificial pneumothorax under fluoroscopic 
guidance is not a routine procedure and should be reserved only for 
the occasional difficult pneumothorax. We consider the following 
indications as deserving the lateral decubitus fluoroscopic study to 
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determine whether fluoroscopic guidance is needed during the adminis- 
tration of the refill: 


(1) Inability to find pleural space 

(2) The presence of air loculi 

(3) The presence of adhesions at site of needle puncture 

(4) All cases of blood spitting after treatment 

(5) Patients who have missed treatment and have lost collapse 

(6) In cases where pneumothorax is beginning to obliterate 

(7) In any case in which treatment is hazardous and might be given with 
greater ease through another site 


In a majority of the cases fluoroscopic guidance is unnecessary as 
the fluoroscopist, after studying the patient in the lateral decubitus 
position, is able to explain the cause of difficulty, advise how it may be 
avoided and indicate the most suitable site for the insertion of the 
needle without fluoroscopic guidance in the regular clinic. 

Twelve cases are presented demonstrating some of the roentgenological 
findings which are or can be the cause for difficulty encountered in the 
administration of the treatment and how the lateral decubitus study 
and fluoroscopic guidance during administration of treatment success- 
fully combated these difficulties. 

The formation and presence of fibrinous adhesions in pneumothorax 
cases is demonstrated roentgenologically ; their complications and method 
of treatment is discussed. 

One of the most gratifying results was obtained in the reéstablishment 
of a pneumothorax in a patient who had reéxpanded and partially 
obliterated. 

Fluoroscopic observations on the behavior of the thoracic viscera 
during the induction of artificial pneumothorax and during administra- 
tion of refill treatments are presented. 

Literature on so called ‘selective pneumothorax” is reviewed and 
its mechanism of production is explained on a pathological and physio- 
logical basis. We believe that atelectasis plus changes in the shape 
and position of the lung as a result of changes in intrapleural pressure 
are responsible for the picture entity described as “selective pneumo- 
thorax.” 

These fluoroscopic studies and observations have given us not only 
a better understanding of the difficulties one may encounter in the 
treatment of tuberculosis with artificial pneumothorax but also of how 
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we can successfully cope with these difficult situations. All guess work 
has been replaced by direct observation and visual guidance. 


REFERENCES 


(1) Bartow, N., AND Kramer, D.: Selective collapse under partial pneumothorax, Amer. 
Rev. Tuberc., 1922, 6, 75. 

(2) BENDOvE, R. A.: The classification of artificial pneumothorax and the clinical value 
of the several types, Ibid., 1925, 10, 540. 

(3) Biapy, J., AND CoHEN, L.: Administration of artificial pneumothorax under fluoro- 
scopic guidance, Radiol., 1935, 25, 1. 

(4) Bronrin, D. D.: Discussion of paper by J. W. Cutter, Natl. Tuberc. Assn. Tr., 
1930, 26, 158. 

(5) Coryttos, P. N.: The importance of atelectasis in pulmonary tuberculosis, Amer. 
Rev. Tuberc., 1933, 28, 1. 

(6) Coryttos, P. N.: Thoracoplasty versus pneumothorax, Jour. Thoracic Surg., 1934, 
4, 30. 

(7) Coryixos, P. N.: Pathologic physiology of the tuberculous lung in clinical tuberculosis, 
vol. 1, chap. v, A-151 to A-199, Edited by Benjamin Goldberg, F. A. Davis, 
Philadelphia, 1935. 

(8) CuTLeR, J. W.: An improved technic for selective pneumothorax, Natl. Tuberc. Assn. 
Tr., 1930, 26, 155. 

(9) Cutter, J. W.: An improved technic for selective pneumothorax, Amer. Rev. Tuberc., 
1930, 22, 292. 

(10) Cutter, J. W.: Clinical types of therapeutic pneumothorax and their significance, 
Jour. Amer. Med. Assn., 1934, 103, 81. 

(11) HENNELL, H., AND STIVELMAN, B. P.: So called selective collapse in artificial pneumo- 
thorax, Amer. Rev. Tuberc., 1923, 7, 291. 

(12) Hensxe, A. C., AND Enters, C. W.: Selective pneumothorax, Jour. Missouri Med. 
Assn., 1931, 28, 371. 

(13) GwerpER, J.: Some observations on low tension pneumothorax, Tubercle, 1922, 4, 13. 


\ 
q 
| 
f 
i 
5 
i 
i 
4 


THE EFFECT OF AGE ON THE TOTAL PULMONARY 
CAPACITY AND ITS SUBDIVISIONS! 


NOLAN L. KALTREIDER, W. W. FRAY anv H. VAN ZILE HYDE 


The effect of age on the vital capacity has been studied in great detail, 
but little is known concerning the influence of degenerative changes on 
the other subdivisions of the pulmonary capacity and on the shape, 
size and expansion of the chest. Since alterations in these anatomical 
measurements can be used as an index to respiratory efficiency in cases 
of chronic cardiorespiratory disorders, accurate standards should be 
obtained for normal individuals of all age groups. Hurtado e¢ al. (1, 2) 
studied a group of young men and found definite limits of variation for 
the absolute and relative values of the total pulmonary capacity and 
its components, as well as a high correlation between the vital capacity 
and the “radiological chest volume.” It seems probable that age 
influences not only the vital capacity but also other subdivisions of the 
pulmonary capacity. If this be true, the same formula for the predic- 
tion of the normal capacity cannot be applied to individuals of different 
age groups. This communication concerns the measurements of the 
capacity of the lungs and the expansion of the chest in normal men of 
the fifth and sixth decades. 


METHODS 


The procedures employed in this investigation are similar to those 
described by Hurtado and Boller (1) and Hurtado and Fray (2). The 
mid capacity (functional residual air, subtidal volume or normal ca- 
pacity) was determined by the oxygen dilution method of Christie 
(3). Duplicate determinations were made in each case. Corrections 
were made for the temperature (37°C.) and complete saturation with 
water vapor. 

In addition to recording the complementary and reserve air separately, 
the vital capacity was measured by the ordinary vital capacity spirom- 
eter. Three determinations were made by each method, the highest 


1 From the Department of Medicine, School of Medicine and Dentistry, University of 
Rochester, and the Medical Clinic of the Strong Memorial and Rochester Municipal Hos- 
pitals, Rochester, New York. 
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value being accepted as the true one. All measurements were made 
with the subject in the recumbent position with a pillow to serve as 
a head rest. The nomenclature which we have adopted may be briefly 
summarized: Residual air is the volume of air remaining in the lungs 
after the greatest possible expiration. Mid capacity is the amount of 
air remaining in the lungs after a normal expiration. The terms “func- 
tional residual air,” ‘‘normal capacity” and “subtidal volume”’ are 
synonymous with this term. Vital capacity is the amount of air expelled 
in the fullest possible expiration following the deepest possible inspira- 
tion. Total capacity is the sum of the vital capacity and the residual 
volume. Complementary air is the volume of air inspired from the 
position of mid capacity to that of maximum inflation. It includes 
the tidal volume. Reserve air is the amount of air expired from the 
mid capacity level to maximum possible deflation. The method of 
obtaining alveolar and tidal air has been described by Hurtado 
et al. (4). 

The roentgenographic technique employed by Hurtado and Fray (2) 
has been modified to some extent, the general principles remaining 
unchanged. The appearance of the film has been improved by placing 
the brass filter near the X-ray tube rather than over the chest of the 
patient, eliminating the line on the film cast by the edge of the brass 
filter, figure 1. At the same time the operation of the filter has been 
made automatic by hinging the filter to a brass plate which slips into 
position beneath the tube on the under side of the tube carriage. This 
filter (0.5 mm. in thickness) is hinged back out of the way for the first 
exposure (maximum expiration) during which full exposure is desired. 
It is snapped into position for the second exposure (maximum inspiration) 
by a spring which is released by the pull of a solenoid, energized by 
the primary current of the first exposure. The tension on the spring is 
so adjusted that the first exposure is completed by the time the filter 
has been pulled into position. The filter is semicircular in shape, its 
filtering action being limited to the lower part of the chest. The purpose 
of the filter, it should be understood, is to prevent overexposure of the 
diaphragms during the second exposure (maximum inspiration) with 
resulting obliteration of their contours, a result which is certain to 
follow unless the exposure is greatly reduced. From the doubly exposed 
roentgenogram obtained in this manner, all the necessary linear and 
area measurements relating to chest size and expansion can be 
secured. 
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CALCULATION OF THE MID CAPACITY AND RESIDUAL AIR 


In the past it has been our custom to calculate the volume of the mid 
capacity or the residual air by applying the formula given by Christie, 
that is 


79.1 —y 


where x = mid capacity in cubic centimetres; y = the percentage of 
nitrogen in the spirometer at the end of the rebreathing period; a = oxy- 
gen in the spirometer at beginning of the experiment in cubic centimetres; 
b = oxygen absorbed during the experiment in cubic centimetres and 
d = dead space in cubic centimetres. Hurtado ef al. (4) recently pro- . 
posed a correction of this formula, in regard to the nitrogen excreted 
from the blood into the lung-spirometer system during the rebreathing 
period. The following quotation from their paper adequately explains 
the reason for such a correction. 


According to the above formula the nitrogen excretion has been corrected 
only in terms of gas volume added to the system during the rebreathing time, 
disregarding the fact that it has increased the nitrogen percentage found in 
the system at end of the experiment. The formula was developed by equat- 
ing the volume of nitrogen in the system at the beginning of the experiment 
against the volume present at the end. By taking into account, in Christie’s 
original equation, any volume of nitrogen (n) excreted into the spirometer- 
lung system and solving for x the following is obtained: 


_ y(a — 6) — 100” 


79.1 —y 


Therefore, if 80 cubic centimeters are excreted during the time of the experi- 
ment we believe the formula should be: 
_ y(a — b) — 8000 © 


The application of the latter formula will give lower values for the residual 
air than those obtained from the former. Consequently the values given in 
this series of cases, as well as in the preceding ones for this subdivision of 
the pulmonary capacity are probably 100 to 150 cc. too high. Since this is 
a constant and probably not a very significant error, it does not invalidate 
our results, and permits comparative studies to be made with pathological 
cases. 
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In view of the fact that the second formula is presumably the more 
correct one and that the difference between the two is not a constant, 
we have recalculated the volume of the mid capacity of the 150 normal 
individuals thus far investigated by application of the second formula. 
The difference between the results of the two calculations varied from 
100 to 260 cc. These variations are dependent upon the nitrogen 
percentage in the spirometer-lung system at the end of the rebreathing 
period, which in turn is dependent upon the amount of oxygen added 
to the spirometer, the length of the rebreathing period, the volume of 
the dead space, and whether the mid capacity or the residual air is 
determined directly. The first three factors have been kept constant 
during all of these experiments, that is, the oxygen (5,000 cc.) added 
to the spirometer, the dead space of the apparatus (2,600 cc.) and the 
rebreathing time (7 to 8 minutes). In the first two series (young men 
and women) the residual air was usually determined, while in the series 
herein reported the mid capacity was measured directly. In the series 
previously reported (1, 4) the average value for the mid capacity when 
calculated according to the formula proposed by Hurtado et al. was 
160 cc. less than that when Christie’s formula was applied. In the 
group of cases reported in this paper, in which the mid capacity was 
determined directly, the average difference for this volume was 220 cc. 
Similar changes will be found in the mean value for the total capacity 
and residual air. As a result of these alterations the relative values, 
total capacity total capacity 
than those previously reported, namely 1.7 and 2.3 per cent respectively. 
The corrected values for the absolute and relative values of the 50 normal 
females and 50 normal males are presented in tables 1 and 2. | 

In all instances we have assumed that 80 cc. of nitrogen were excreted 
into the spirometer-lung system during the rebreathing period. The 
average value for the oxygen percentage in the spirometer at the end 
of the experiment was 54 per cent. This value is somewhat higher 
than that used by Christie (42 per cent), who suggested that a correction 
of 65 cc. of nitrogen be made. 

Recently Lassen e# al. (5) found that there was not an equal distribu- 
tion of nitrogen throughout the spirometer-lung system. Most in- 
vestigators who employed this method are cognizant of the fact that the 
concentration of nitrogen cannot be the same throughout the system, 
since the nitrogen percentage is changing continuously. But they 
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erroneously assumed that the nitrogen percentage in the lungs and 
hence in the expiratory tube was higher than in the spirometer by the 
same amount as the nitrogen percentage, when breathing atmospheric 
air, was higher in the expired air than in the inspired air. Lassen and 
his coworkers found that the nitrogen percentage in the lungs (alveolar 
air) was lower by 0.5 per cent than the nitrogen percentage in the spirom- 


TABLE 1 
Pulmonary capacity in 50 healthy females (age limits, 18-34 years) 


STANDARD COEFFICIENT 


PULMONARY CAPACITY MEAN OF VARIATIONS 
DEVIATION VARIATION 


Absolute values 


liters liters per cent liters 
4.24 +0.05* | 0.57 +0.04*; 13.5 3.20-6.18 
3.14 +0.04 | 0.41 +0.03 13.0 2.28-3 .95 
1.82 +0.04 | 0.39 +0.03 21.6 1.15-3.10 
Complementary air.............. 2.42 40.03 | 0.36 40.02 14.8 1.70-3.32 
0.73 40.02 | 0.19 +0.01 25.8 0.28-1.42 
1.10 +0.03 | 0.30 +0.02 27.0 0.53-2 .26 


Relative values (total capacity = 100 per cent) 


per cent per cent per cent per cent 
74.1 +0.48 5.0 40.34 6.7 63 .4-85.9 
43.0 +0.53 5.6 40.38 13.0 27.5-52.3 
Complementary air.............. 57.0 +0.55 | 5.8 0.39 10.2 47.7-72.5 
17.0 +0.34 3.6 40.24 21.2 6.1-27.1 
25.9 +0.48 5.0 +0.34 19.3 14.1-36.6 


Relative values (vital capacity = 100 per cent) 


per cent per cent per cent per cent 
58.5 +1.01 | 10.6 40.72 18.1 35.0-79.1 
Complementary air.............. 77.140.72 | 7.6+0.51 9.8 64.1-92.2 
en 22.9 +0.43 | 4.6 +0.31 20.1 7.8-35.9 
35.8 +0.90 | 9.4 +0.63 26.2 16.5-57.7 


* Probable error 


eter. In a series of 16 determinations of the mid capacity in 6 normal 
individuals, in contrast to their results, we found the average value for 
the alveolar nitrogen percentage at the end of the rebreathing period 
was higher by 0.14 per cent than that of the spirometer. The difference, 
however, is somewhat less than that between the nitrogen percentage of 
the alveolar air just before the rebreathing period and that of atmos- 
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pheric air, 79.1 per cent. Therefore, the average value for the mid 
capacity was 77 cc. (extremes of 23 and 190 cc.) lower when correction 
was made for the unequal distribution of nitrogen in the spirometer-lung 
system than when calculated according to the formula of Hurtado ef al. 


The volume of the mid capacity varied from 1,850 to 3,250 cc. This 
difference is not nearly so great as that reported by Lassen e¢ al. In 
TABLE 2 
Pulmonary capacity in 50 healthy males (age limits, 18-30 years) 

PULMONARY CAPACITY MEAN VARIATIONS 

Absolute values 
liters liters per cent liters 
5.97 +0.08* 0.81 +0.06* 13.6 4.25-7 .68 
4.78 40.06 | 0.59 +0.04 12.3 3.40-5.85 
2.18 +0.05 | 0.50 40.03 22.9 0.96-3 .09 
Complementary air.............. 3.79 +0.05.| 0.52 +0.04 13.7 2.41-4.93 
0.98 +0.02 | 0.26 +0.02 26.5 0.26-1.58 
Relative values (total capacity = 100 per cent) 
per cent per cent per cent per cent 

80.2 +0.45 | 4.7 40.32 5.8 70.3-89.7 
36.2 40.52 | 5.4 +0.36 14.9 19.0-46.9 
Complementary air.............. 63.9 +0.52 5.5 +0.37 8.6 53 .1-81.0 
16.8 +0.56 | 5.9 +0.40 35.1 5.2-31.4 
19.8 +0.42 | 4.4+0.30 22.2 10.3-29.7 


ty = 100 per cent) 


Relative values (vital capaci 


er cent er cent r cent 
p pe 


weds 45.8 +0.81 8.5 +0.57 18.5 22 .1-66.7 
Complementary air.............. 79.4+0.50 | 5.2 40.35 6.5 63.1-94.1 
20.6 +0.52 | 5.4+0.36 26.2 5.9-36.9 


25.1 +0.66 | 6.9 +0.47 27.5 


* Probable error 


order to obtain samples of alveolar air the subject must be familiar with 
the experiment and close codperation is necessary between the subject 
and experimenter. This makes it a rather impractical test, especially 
for patients with acute and chronic cardiorespiratory disorders. In 
many diseases, the reserve air is so small that it is practically impossible 
to collect consistent alveolar air samples. For this reason we feel that 
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the method herein used, although the values are slightly too high, is 
more applicable to the investigation of clinical problems than that 
suggested by Lassen e/ al. 


MATERIAL 


Measurements of the total pulmonary capacity and its subdivisions 
were made in 50 normal men between the ages of 38 and 63 years. In 
addition two normal men of 67 and 76 years, not included in the average 
values, were examined. The physical characteristics of the subjects 
examined are presented in table 3. All the subjects were submitted to 
physical and roentgenographic examinations and only those individuals 
free from any discernible disease were included. Many subjects were 


TABLE 3 
Physical characteristics of the subjects examined 
COEFFICIENT 
MEAN oF va VARIATIONS 

48.2 +0.61*| 6.4 +0.43 13.4 38 63 
Body height, cm.............. 170.5 +0.69 | 7.2 +0.48 4.2 151.5-191.5 
Body weight, kgm............. 70.8 41.15 | 12.1 +0.81 17.0 49.2- 96.2 
Body surface area,cm.?......... 182.1 41.60 | 16.7 41.13 9.2 143-221 
Chest volume, liters (M.C.).....| 10.4 +0.17 1.8 40.12 7.3 6.7- 14.8 
Chest index, aes x 100...... 74.140.46 | 4.84032] 6.5 | 64.3- 86.0 


* Probable error 

not accepted because of high arterial blood-pressure, arteriosclerotic 
heart disease, chronic bronchial infections, etc. Forty-two, or 84 
per cent, of the individuals were machinists, painters, carpenters, etc. 
accustomed to moderate manual labor, while 8 or 16 per cent were 
professional men. 


NORMAL VALUES IN THE LITERATURE 


Numerous studies have been made on the influence of age on the 
vital capacity. Bowen and Platt (6) and Lemon and Moersch (7) 
found little change until the sixth decade, following which there was 
a gradual decrease in the vital capacity until it reached 50 per cent of 
the normal value in the 85th year. The former investigators found that 
the greatest fall was between 50 and 60 years. Another group, Hutchinson 
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(8), Pratt (9) and Myers and Maeder (10) found that there was a 
gradual decrease in this capacity from the maximum values at the end 
of the third decade to 50-60 years, then a more rapid decline. Others, 
McKean (11), Cornett (12), and Wintrich (13), observed that the vital 
capacity remained practically the same until the 35th or 40th year, 
after which there was a gradual decrease until the 50th year, then a 
sharp decline. Piolti (14) studying 100 cases between the ages of 17 
and 50 years observed a gradual fall after 25 to a maximum at 42 followed 
by a slight rise at that point and then a gradual decrease to 50 years. 
Myers and Cady (15), Levison (16) and Levy (17) studied a large group 
of older men and found that there was a gradual decline in the vital 
capacity from 60 to 94 years. ‘Those who continued to be active showed 
less fall than those who retired from work (Myers and Cady). The 
consensus appears to be that the vital capacity is only slightly decreased 
from 40 to 50 years, following which there is a more rapid decline. 

The other subdivisions of the total capacity have not been subjected 
to investigation in respect to the influence of age. In most instances 
individuals of all ages are presented together and in many cases the 
ages are not given, so that no conclusions can be drawn from the values 
presented by various observers. 


RESULTS 


The results of the determinations of the total pulmonary capacity 
and its components in 50 healthy male subjects between the ages of 
38 and 63 years are summarized in table 4. 

Absolute values: The mean value for the total capacity was 5.37 +0.08 
liters with a standard deviation of 0.84 +0.06 liter, giving a total varia- 
tion around the mean of 31 per cent. The extremes were 3.62 and 
7.61 liters. 

There was an equally wide variation of 30 per cent about the mean 
value of 4.07 +0.06 liters for the vital capacity. The extreme values 
were 2.64 and 5.85 liters. The components of the vital capacity, the 
complementary and reserve volumes had mean values of 3.37 +0.05 and 
0.69 +0.03 liters respectively. These subdivisions showed marked 
fluctuations particularly in the case of the reserve air, in which the 
total variation from the mean exceeded 90 per cent. 

The extreme variations for the mid capacity were 1.09 and 3.05 liters, 
with a mean value of 2.00 +0.05 and a standard deviation of 0.50 +0.03 
liters. 
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The fluctuations of the residual air were somewhat greater than those 
for the mid capacity. This was probably due to the marked variation 
in the reserve air. The mean value for this volume was 1.30 +0.04 
liters with a standard deviation of 0.41 +0.03 liter and extremes of 
0.54 and 2.29 liters. 


TABLE 4 
Pulmonary capacity in 50 healthy males (age limits, 38-63 years) 


COEFFICIENT 
VARIATIONS 
VARIATION 


STANDARD 


PULMONARY CAPACITY DEVIATION 


Absolute values 


liters liters per cent 
Total capacity 5.37 +0.08*| 0.84 +0.06*| 15.7 
Vital capacity 4.07 +0.06 | 0.62 +0.04 15.2 
Mid capacity 2.00 +0.05 | 0.50 +0.03 25.0 
Complementary air 3.37 +0.05 | 0.57 40.04 17.0 
Reserve air 0.69 +0.03 | 0.31 +0.02 45.3 
Residual air 1.30 +0.04 | 0.41 +0.03 31.4 


Relative values (total capacity = 100 per cent) 


per cent per cent per cent 

Vital capacity 75.5 +0.52 | 5.58 +0.38 ‘ 62 .4-86.8 
Mid capacity 37.7 40.62 | 6.52 40.44 : 25 .3-52.6 
Complementary air 62.5 +0.61 | 6.44 +0.43 ; 47 .4-74.7 
Reserve air 13.0 40.51 | 5.32 40.36 3.3-32.0 
Residual air 24.5 +0.53 | 5.58 40.38 ‘ 13 .2-37.6 


Relative values (vital capacity = 100 per cent) 


per cent per cent 
50.0 +1.13 {11.80 +0.80 
83.0 +0.65 | 6.84 +0.46 
17.0 40.69 | 7.24 +0.49 

33.6 +0.95 | 9.96 +0.67 


* Probable error 


The variations of the absolute values for the several capacities in 
this group of men were somewhat higher but in general corresponded 
fairly closely to those found in a group of younger men previously re- 
ported (1). There were, however, significant differences between the 
two groups. There was a significant decrease in the total capacity for 
the older men as compared with those in the third decade, namely, 
absolute difference, 0.60 +0.11 liter and percentage difference, 10.0. 


liters 
3.62-7.61 
2.64-5.85 
1.09-3 .05 
2.04-4.75 
0.14-1.76 
0.54-2.29 
per cent per cent 
Complementary air.............. 8.2 62.1-95.8 
41.6 4.2-37.9 
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Likewise the vital capacity was smaller in the former than in the latter 
group, showing a significant absolute difference of 0.71 +0.07 liter and 
a percentage difference of 14.9. The mid capacity was slightly lower 
and the residual air slightly higher in the men of the fifth decade and 
sixth decade than in the younger men. These differences, however, 
were insignificant. The volumes of the complementary and reserve * 
air were significantly smaller in the former than in the latter group. 
Relative values: As has been shown above the absolute values varied 
widely, but when they were expressed as percentage of the total capacity, 
vital capacity x 100 
total capacity 
had a mean value of 75.5 +0.52 per cent with a standard deviation of 
only 5.6 +0.38 and a total variation of less than 15 per cent from the 


idul ai 
mean value. The ratio ——— 4 x 100 showed corresponding 
total capacity 


fluctuations with extremes of 13.2 and 37.6 per cent. 

mid capacity 
total capacity 
+0.62 per cent with a standard deviation of 6.5 +0.44. The ratio 
complementary air 
total capacity 
a total variation of 21 per cent from the mean value. 
vital capacity 
total capacity 
in the group of younger men. The vital capacity constituted a smaller 
portion and the residual air a relatively larger part of the total capacity 
in this group of men than in the younger individuals. The change was 
significant and the absolute difference was 4.7 +0.69. 

The relationship between the total capacity and its subdivisions as 
expressed by the correlation coefficients is presented in table 5. High 
and significant correlations existed between the total, vital and mid 
capacities and the complementary and residual volumes. 


the fluctuations were much less marked. The ratio 


xX 100 was 37.7 


The mean value for the ratio 


X 100 had a mean value of 62.5 +0.61 per cent with 


xX 100 was observed 


A similar constancy in the ratio 


ALTERATIONS IN PULMONARY CAPACITY WITH BODY POSTURE 


In order to ascertain the influence of posture on the pulmonary ca- 
pacity in older men, determinations were made on 10 normal male 
subjects between the ages of 40 and 51 years in both the recumbent and 
sitting positions. Measurements were made after the subject was in 
the respective position for 20 minutes. 
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TABLE 5 


Correlations between the different subdivisions (age limits, 38-63 years) 


CAPACITIES CORRELATED 


CORRELATION COEFFICIENT 


Total capacity and vital capacity 
Total capacity and mid capacity 
Total capacity and complementary air 
Total capacity and reserve air 

Total capacity and residual air 


Vital capacity and mid capacity 

Vital capacity and complementary air 
Vital capacity and reserve air 

Vital capacity and residual air 


Mid capacity and reserve air 
Mid capacity and residual air 


Complementary air and mid capacity 
Complementary air and reserve air 


Complementary air and residual air 


Residual air and reserve air 


+0.8268 +0.0302* 
+0.7501 +0.0417 
+0.8084 +0.0331 
+0.5807 +0.0632 
+0.7380 +0.0434 


+0.4749 +0.0739 
+0.8289 +0.0299 
+0.4208 +0.0785 
+0.2737 +0.0883 


+0.6576 +0.0541 
+0.7949 +0.0351 


+0.2484 +0.0895 
+0.0884 +0.0947 
+0.4008 +0.0801 


+0.0748 +0.0950 


* Probable error 


Changes in pulmonary capacity according to posture (mean of 10 observations) (age limits, 


TABLE 6 


40-51 years) 


DETERMINATION 


Sitting 


Lying 


Total capacity 
Vital capacity 

Mid capacity 
Complementary air 
Reserve air 


liters 


5.92 +0. 16* 
4.30 +0.14 
2.92 +0.06 
3.00 +0.01 
1.30 +0.08 
1.62 +0.09 


liters 


5.29 +0.16*| —10.6 


4.11 +0.15 
1.95 +0.10 
3.34 40.12 
0.77 +0.09 
1.18 +0.07 


per cent 


—4.4 
—33.2 
+11.2 
—40.7 
—27.2 


otal capacity = 


100 per cent) 


Vital capacity 

Mid capacity 
Complementary air 
Reserve air 


per cent 
72.7 41.31 
49.6 +0.41 
50.4 +0.47 
22.2 41.36 
27.3 


per cent 
77.7 +1.08 
36.7 +1.36 
63.3 +1.24 
14.4 +1.10 
22.3 +1.13 


Relative values (vital capacity = 


100 per cent) 


per cent 
68.8 +1.91 
69.9 +1.27 
30.1 41.31 
38.7 +2.68 


per cent 
46.1 +2.34 
81.6 +1.83 
18.4 +1.72 
29.3 +2.00 


* Probable error 
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When the subjects assumed the recumbent posture there was, as 
compared with the sitting position, a moderate reduction in the total 
capacity (10.6 per cent), a slight reduction in the vital capacity (4.4 per 
cent) and a more marked decrease in the mid capacity and residual air 


TABLE 7 


Changes in size and expansion of the chest with body posture (from roentgenographic observations— 
mean of 10 cases) 


VARIATION 


Sitting 


Height of diaphragm: 

At maximum expiration: 
19.0 + 0.28* | 17.8+ 0.27 
19.7 + 0.39 | 19.14 0.32 


25.7 + 0.39 23.1 + 0.40 
Left, cm 26.8 + 0.36 | 25.2 + 0.36 
Area of pulmonary fields: 
At maximum expiration, cm.*....... 442 + 8.81 408 + 8.43 
At maximum inspiration, cm.?....... 700 +16.19 642 +12.32 
Excursion of diaphragm: 


6.8 + 0.23 5.3 + 0.32 
Left, cm 7.0+ 0.31 6.0 + 0.28 
Expansion in chest width, total,cm....| 2.5 + 0.14 0.15 


Changes in area of pulmonary fields, 
259 +12.05 234 + 9.06 


Rib movement, degrees 18.2 + 1.07 19.2 + 0.71 
Area at maximum expiration 


Area at maximum inspiration 


63.3 + 1.10 | 63.7 + 1.03 
“Radiological chest volume”’: 
Maximum expiration, liters 9.4+ 0.23 8.7 + 0.17 
Maximum inspiration, liters 16.9 + 0.41 15.5 + 0.31 


* Probable error 


(33.2 and 27.2 per cent respectively) (table 6). The only capacity which 
showed a change in the opposite direction was the complementary air. 

The alterations in the absolute values on assuming the lying position 
are reflected in their relative values. The changes were slight for the 
vital capacity 
total capacity 


xX 100 but there were marked reductions in the 


ratio 


MEANS 
MEASUREMENT 
Lying 
percent | units 
| 
—6.3} 1.2 
—3.0) 0.6 
At maximum inspiration: Mee 
—10.0) 2.6 
—6.0} 1.6 
| —7.7| 34.0 
—8.3] 58.0 
| Total 
—22.1} 1.5 
—14.3} 1.0 
—9.7| 25.0 
+5.5) 1.0 
+0.6) 0.4 
—7.4| 0.7 
—8.3| 1.4 
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mid capacity x 100 and the ee xX 100. There was 


total capacity total capacity 
complementary air 

total capacity 
ing from sitting to recumbent posture. 

The influence of posture on the shape, size and expansion of the chest 
is summarized in table 7. 

The effect of posture on the alterations of the pulmonary capacity 
in this series is similar to that found in normal subjects of the third 
decade (18). 


ratios 


an equally large increase in the ratio X 100 on chang- 


RESPIRATORY DEAD SPACE 


The alveolar air was collected and analyzed for its carbon dioxide 
and oxygen percentage in 42 of the subjects according to the method 
described previously (4). The mean value for the carbon dioxide 
tension of the alveolar was 39.2 +0.38 with a standard deviation of 
3.68 +0.27 and extremes of 32.0 and 46.00 mm. of Hg. These values 
are in agreement with those of Haldane and Fitzgerald (19). For the 
oxygen tension of the alveolar air, the mean value was found to be 101.9 
+0.73 with extreme values of 86 and 115 mm. of Hg. 

The respiratory dead space was calculated according to the Haldane- 
Priestley formula (20) from the tidal volume and the carbon dioxide 
percentages of the tidal and alveolar air. The measurements were 
made in the sitting position. The volume of the dead space had a mean 
value of 256 +11.6 cc. corresponding to a mean tidal volume of .764 
+0.03 liter, with a mean respiratory rate and ventilation per minute of 
15.0 +0.3 and 10.5 +0.3 liters respectively. 

Considerable variations of the dead space have been found in this 
series. The standard deviation was 112 +8.2 with a total variation 
of 87 per cent. However, the respiratory dead space showed a definite 
correlation with the tidal volume (figure 2), the correlation coefficient 
being +0.8836 +0.0227 (figure 2). The correlation was linear as the 
correlation ratio was 0.933 giving an insignificant jn?—r? of 0.0890 
+0.0616. 

It has been found in this series as shown by Haldane (21) that the 
variations in the volume of the dead space were independent of the 
respiratory rate. If a constant respiratory rate in the 42 cases is as- 
sumed, the standard deviation corresponding to the value of the dead 
space will be only slightly reduced, becoming 97.4 cc. instead of 111.5 
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or a reduction of 13 per cent. When a fixed tidal volume in all cases 
is assumed the corresponding standard deviation falls from 111.5 cc. 
to 52.2, or a reduction of 52.2 per cent. These results are in agreement 


c.c. 


DEAD SPACE 


100 115 130 145 160 175 1.90 LITERS 


TIDAL VOLUME 
Fic. 2. Correlation between the tidal volume and the respiratory “dead space”’ 


with those obtained by Hurtado e# a/. (4) in an investigation of 50 normal 
female subjects. 


CORRELATION OF PULMONARY CAPACITY WITH PHYSICAL AND 
ROENTGENOGRAPHIC MEASUREMENTS 


The highest correlation in the series was between the total capacity 
and the “radiological chest volume” (the product of the area of the 
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pulmonary fields and the depth of the chest in the same respiratory 
position) at maximum inspiration. The correlation coefficient was 
+0.8497 +0.0265 (figure 3). The next most significant correlation 
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CORREL. COEFF. 


RADIOLOGICAL =) 
CHEST VOLUME (M.L. 


AREA PULMONARY 


BODY HEIGHT 


CHEST VOLUME, 
(EXTERNAL, M. 1.) 


SURFACE AREA EZZZg 


BODY WEIGHT 


RADIOLOGICAL 
ICHEST VOLUME (M. 


AREA PULMONARY 


FIELDS (M.1) 


BODY HEIGHT 


CHEST VOLUME, 
(EXTERNAL, M.1.) 


SURFACE AREA 


BODY WEIGHT fag 


TOTAL CAPACITY 


VITAL CAPACITY 


+ 0.6254 
+ 0.6089 
+ 0.8497 


+ 0.6324 
+ 0.5463 
+0.7921 


+ 0.6620 
+0.4777 
+ 0.6158 


+ 0.3338 
+0.2773 
+0.5738 


+ 0.3602 
+ 0.1473 
+ 0.4374 


+ 0.1814 
+ 0.0098 
+ 0.3569 


+ 0.7073 
+ 0.7174 
+ 0.7283 


+ 0.5983 
+ 0.6824 
+ 0.6809 


+ 0.5134 
+ 0.5452 
+.0.6361 


+ 0.3292 
+ 0.3741 
+ 0.6268 


+ 0.3378 
+0.2791 
+ 04460 


+ 0.2604 
+ 0.1377 
+ 0.3092 


0.0581* 
+ 0.0600 
+ 0.0265 
0.0572 
0.0669 
0.0355 


0.0536 
0.0736 
0.0592 


0.0848 
0.0880 
0.0640 


0.0830 
0.0933 
0.0771 


0.0923 
0.0954 
0.0832 


i+ I+ I+ 


It Hit i+ 


0.0476 
0.0467 
0.0448 


0.0612 
0.0509 
0.0512 


0.0677 
0.0667 
0.0568 


0.0850 
0.0816 
0.0579 


0.0843 
0.0876 
0.0764 


0.0883 
0.0930 
0.0863 


X= PROBABLE ERROR 

CJ FEMALES (18-34 YEARS) 
MALES (18-30 YEARS) 
M@™ MALES (38-63 YEARS) 


Fic. 3. Correlation between the pulmonary capacity and the physical 
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was with the area of the pulmonary fields at maximum inspiration, 
where the coefficient was +0.7921 +0.0355. There was a fairly high 
correlation between the total capacity and body height. Correlations 
between this capacity and the chest volume (calculated from external 
measurements), body surface area and body weight were all lower 
(figure 3). 

Similar, although somewhat lower, values were obtained for the 
correlation coefficients between the vital capacity and: the physical 
and roentgenographic measurements (figure 3). Correlations between 
the mid capacity and the residual air and the several measurements 
were rather low and in some instances statistically insignificant. 

The observed correlations in this group of men in the fifth and sixth 
decades are in agreement with those previously found in normal male 
and female subjects of the third decade. In every instance the cor- 
relation coefficients were higher in the former than in the latter (figure 3). 


PREDICTION OF THE NORMAL CAPACITY OF THE LUNGS 


The highest correlation was found to be between the total capacity 
and the “radiological chest volume” at maximum inspiration. There- 
fore, knowing the “radiological chest volume” in a given case the cor- 
responding total capacity may be predicted by means of the regression 
formula calculated from the correlation coefficient.2 The subdivisions 
of the total capacity may be derived from the predicted value for this 
capacity by employing the average relative values found for these 
components.’ 

With the purpose of establishing the normal limits of variability, 
the values for the pulmonary capacity have been predicted for each 
individual of this series (figure 4). All of the observed values for the 
total capacity were within 20 per cent of the predicted ones, while for 
the vital capacity 98 per cent were within this percentage. The observed 


2 The regression formula is: Total capacity, liters = (0.31 X “radiological chest volume’’) 
+ .71. 

3 The method of prediction is as follows: (a) The area of the pulmonary fields at maximum 
inspiration (measured on a roentgenogram) is 732 square centimeters. The external antero- 
posterior diameter of the chest at maximum inspiration is 23 centimetres. Hence, the 
“radiological chest volume” is 732 X 23 = 16.8 liters. (b) The corresponding total capacity 
would then be (0.31 X 16.8) + .71 or 5.92 liters. (c) The vital capacity: sax Ss mate = 4.47 
liters. (d) The residual air is equal to the difference between the total and vital capacities 


5.92 X 37-7 9 93 jiters. 


or 1.45 liters. (e) The mid capacity: 100 
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Fic. 4. Predicted and observed values for the pulmonary capacity in 50 healthy males between the ages of 
38 and 63 years. Each individual is represented by two columns; the one on the left, with broken lines, is the 
predicted values; while the right-hand one is the observed values. The black area designates the residual air, 


the white space above is the vital capacity, while the whole column represents the total capacity. The line di- 
viding the vital capacity is the mid capacity. 
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values for the total and vital capacities were within 15 per cent of the 
predicted one in 90 and 84 per cent of the cases respectively. A varia- 
tion of more than 20 per cent from the predicted values in the total and 
vital capacities and of more than 40 and 50 per cent in the mid capacity 
and residual volume respectively may be considered abnormal. 

A more accurate method for the prediction of the values for the ~ 
vital capacity is based on the correlation between the vital capacity and 
the “radiological chest volume.”’ By employing the regression formula 
derived from this coefficient there was a closer correspondence between 
the observed and predicted values for the vital capacity than those 
given above.‘ In 90 per cent of the cases the observed values for the 
vital capacity were within 15 per cent of the predicted values and 98 
per cent were within 20 per cent. 


SHAPE, SIZE AND EXPANSION OF THE CHEST 


Details of the various external and roentgenographic measurements 
are presented in table 8. The mean value for the “radiological chest 
volume” at maximum inspiration was 15.1 +0.23 liters with extremes 
of 11.2 and 20.9 liters. These values are in close agreement with those 
for the younger group of individuals, so that the several subdivisions of 


the total capacity and the shape and the expansion of the chest can be 
readily compared in the two groups. In the older individuals the 
chest tended to be circular and shorter than in the younger subjects, as 
depth height 

Likewise there were significant differences in the two groups in regard 
to chest expansion. The men in the older group could not expand the 
chest as well as those in the younger age group, as indicated by the ratio 
area at maximum expiration 
area at maximum inspiration 
in the width of the chest and rib movement (table 8). The absolute 


differences were significant in all save for the excursion of the diaphragm. 
area at maximum expiration 


indicated by the indices 


X 100, excursion of the diaphragm, changes 


When the value for the ratio X 100 is 


area at maximum inspiration 
greater than 71 and when the degree of movement of the rib is less 
than 9, a reduction in the expansion of the chest may be assumed to exist. 


4 The regression formula is: Vital capacity, liters = (‘radiological chest volume” X 0.19) 
+ 1.19. 


| 


TABLE 8 
Measurements on the shape, size and expansion of the chest 


MALES, 18-30 YEARS MALES, 38-63 YEARS 


Mean Standard deviation | Coefficient Standard deviation | Coefficient 


External measurements 


per cent 
0.7 +0.05 18.4 
0.8 +0.05 20.5 


0.7 +0.05 
0.7 +0.05 


2.3 +0.06 
2.6 +0.06 


3.8 +0.07 
3.9 +0.08 


Lateral expansion, cm 
Anteroposterior expansion, cm 


Roentgenographic measurements 


< 
=) 


Excursion of diaphragm, cm.: 


Expansion of chest width, cm 

Rib movement, degree 

Area at maximum expiration 

Area at maximum inspiration 

Chest volume, expiration, liters 

Chest volume, inspiration, liters 

Area of pulmonary fields, expiration, cm?........ 
Area of pulmonary fields, inspiration, cm.2........ 


6.3 +0.11 
6.4 +0.12 
3.2 +0.08 
21.4 +0.51 


62.2 +0.42 


7.5 +0.10 
14.8 +0.17 
425.0 +5.77 
685.0 +7.28 


67.6 +0.77 


1.1 +0.08 
1.2 +0.09 
0.8 +0.06 
4.9 +0.36 


4.4 +0.30 


1.10+0.07 
1.82+0.12 
55.5 +4.08 
70.0 +5.14 


8.1 +0.55 


5.9 40.12 
6.2 40.13 
2.9 +0.07 
19.4 +0.38 


63.5 +0.45 


8.5 +0.14 
15.1 +0.23 
416.0 +6.14 
653.0 +8.28 


70.5 


1.3 +0.09 
1.3 +0.09 
0.8 +0.05 
4.0 +0.27 


4.7 +0.32 


1.5 +0.10 
2.4 +0.16 
64.4 +4.34 
86.8 +5.85 


10.7 +0.70 


* Average height of both diaphragms at expiration 


t From roentgenogram at expiration 
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Contrary to previous results, in the present series the correlation 
area at maximum expiration 


area at maximum inspiration 


between the ratio xX 100 and the ratio 


residual air 


total capacity 
hence there appears to be no relation between chest expansion and 


the latter ratio. 


X 100 was low and insignificant, +0.2315 +0.0902, and 


EFFECT OF AGE ON THE PULMONARY CAPACITY AND CHEST SIZE AND 
EXPANSION IN NORMAL MALE SUBJECTS 


When the values for the pulmonary capacity were grouped according 
to decades it was noted that there was a gradual decrease in the values 
for the total and vital capacities from the average age of 23 years to 
64 years, except for the sixth decade where the values were slightly 
higher than for the preceding decade (table 9). This may be readily 
explained on the basis of chest size, expressed as the “radiological chest 
volume” at maximum inspiration. This volume was practically the 
same, 14.8 liters, for the third, fifth and seventh decades, while for 
those individuals in the sixth decade it was 1.1 liter greater. Likewise 
there was a gradual diminution in the components of the vital capacity, 
the complementary and reserve volumes. Age had no significant in- 
fluence on the mid capacity, but there was a gradual increase in the 
residual volume from 1.19 liters with an average age of 23 to 1.58 liters 
at 64 years. These absolute differences were reflected in the relative 
values. With increasing years, the residual air constituted a larger 
percentage of the total capacity, from 19.8 per cent in the third decade 
to 31.5 in the seventh. 

Age likewise had its influence upon the shape of the chest. The an- 
teroposterior diameter of the chest tends to approach the lateral diameter 
as the age increases. The ability of the individual to expand the chest 
gradually decreases from the third to seventh decade, as indicated by a 
progressive diminution in the excursion of the diaphragm and rib move- 
area at maximum expiration 
area at maximum inspiration 

In figure 5 and table 10 the values for the total and vital capacities 
and the residual air have been predicted by the formula derived from 
a study of 50 normal male subjects between the ages of 18 and 30 years 
(2). The observed values are expressed as percentages of the predicted 
ones. The effect of age on the total and vital capacities is amply depicted 


ment and by an increase in the ratio 


PULMONARY VOLUMINA 


TABLE 9 


males of various age groups 


683 


Comparison of the mean values for pulmonary capacity and chest size and expansion in normal 


PULMONARY CAPACITY 


50-60 YEARS 
(AVERAGE 53 
YEARS) MEAN 


38-50 YEARS 
(AVERAGE 44 
YEARS) MEAN 


18-30 YEARS 
(AVERAGE 23 
YEARS) MEAN 


60-76 YEARS 
(AVERAGE 64 
YEARS) MEAN 


Number of cases............ 


10 


50 34 


8 


Absolute values 


Total 
Complementary air.......... 


liters liters lilers 


liters 


5.97 +0.08*| 5.40 +0.10*| 5.62 +0.13*| 5.01 +0.22* 


4.78 +0.06 | 4.12 +0.07 | 4.18 +0.09 
2.18 +0.05 | 1.98 +0.06 | 2.28 40.12 
3.79 +0.05 | 3.42 +0.06 | 3.34 40.12 
0.98 +0.02 | 0.70 +0.03 | 0.84 +0.08 
1.19 +0.03 | 1.28 +0.05 | 1.44 +0.09 


3.43 40.16 
2.04 +0.10 
2.97 +0.18 
0.46 +0.05 
1.58 +0.09 


values (total capacity = 100 per cent) 


Complementary air.......... 


80.2 +0.45 | 76.6 +0.58 | 74.5 +1.26 
36.2 +0.52 | 36.0 +0.64 | 40.6 41.98 
63.9 +0.52 | 64.0+0.65 | 59.441.91 
16.8 £0.56 | 12.6 40.54 | 15.1 41.53 
19.8 +0.42 | 23.42+0.50 | 25.5 +1.44 


68.5 +1.07 
41.1 +1.73 
58.9 +1.53 
9.6 +£1.17 
31.5 41.25 


values (vital capacity = 100 per cent) 


Complementary air......... 


45.8 40.81 | 47.3 41.15 | 55.6 +3.42 
79.4 +0.50 | 83.2 +0.68 | 79.7 41.90 
20.6 +0.52 | 16.7 +0.66 | 20.3 41.93 
25.1 40.66 | 30.0 +0.97 | 35.3 42.59 


60.9 +3.80 
85.9 41.57 
14.1 +1.72 
46.8 +2.88 


Expansion and size of the chest 


Excursion of the diaphragm, 


Lateral expansion, cm........ 
Rib movement, degrees... ... 
Area at maximum expiration 
Area at maximum inspiration 
Radiological chest volume, 
maximum inspiration, liters. 
depth 
width 
height 
widtht 


Index 


Index 


6.3 40.11 | 5.9+0.15 | 6.0+0.30 
6.4+0.12 | 6.0+0.15 | 6.0 +0.27 
3.2 +0.08 | 3.140.09 | 2.7 40.13 
21.4 £0.51 | 19.9+0.45 | 18.8 40.83 


62.2 +0.42 | 64.1 40.46 | 64.5 41.33 


14.8 +0.17 | 14.8 40.26 | 15.9 40.38 
68.5 +0.55 | 73.9 +0.62 | 75.2 40.35 


67.6 +0.77 | 70.9 41.13 | 73.4 42.4 


5.7 40.31 
5.2 40.43 
2.2 40.32 
15.9 +0.97 


64.9 +1.17 


14.7 +0.79 
75.9 +0.95 


70.4 +3.03 


* Probable error 


+ Average height of both diaphragms at expiration 
¢ From roentgenogram at expiration 
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by the straight line. The influence of age on the residual air was less 
marked, but after 55 years of age the values for this capacity were in- 
creased in every case. When the absolute values were predicted on the 
basis of the chest size for each individual, there was a gradual decrease in 
the total and vital capacities from the third to the eighth decade. 


TABLE 10 
Effect of age on the pulmonary capacity 


PER CENT OF PREDICTED* RESIDUAL AIR 
NUMBER OF . 


Total Capacity | Vital Capacity Residual Air X 100 


years per cent 


15-25 37 101 101 100 19.3 
25-35 13 96 95 103 20.8 
35-45 21 90 85 107 23.5 
45-55 21 87 84 104 23.3 
55-65 8 87 75 136 30.8 


* Prediction from the following regression equation: Vital capacity (liters) = (Radio- 
logical chest volume X 0.24) + 1.22 


DISCUSSION 


From the above results it appears that the effect of age on the absolute 
values of the pulmonary capacity is in the direction of those alterations 
usually found in cases with chronic abnormalities of the cardiorespiratory 
systems, that is, a decrease in the total and vital capacities and an 
increase in the residual air and mid capacity. Detecting abnormalities 
in patients with such disorders resolves itself into the question of degree 
and it is, therefore, necessary to correct these volumes for the proper 
age group. These results, along with those previously reported (2), 
indicate that the most useful capacities for classifying respiratory 
dysfunction are the total and vital capacities and the relationship be- 
tween the residual air and the total capacity. When the values for the 
former deviate more than 20 per cent and when the residual air con- 
stitutes more than 40 per cent of the total capacity structural abnor- 
malities may be suspected. 

Repeated measurements of the pulmonary capacity in the same 
individuals have shown great constancy. This is very valuable in 
following the course of a given case, such as has recently been made in 
cases of lobar pneumonia (22) or during the transition from congestive 
heart failure to a state of compensation. 

It is of interest to consider the factors which are responsible for the 
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gradual reduction in the total and vital capacities and the slight rise 
in the residual air from youth to old age. The degenerative changes 
in the thorax and spine are probably the most important factors that 
will limit maximum inspiration and thus cause a reduction in the total 
capacity and limit maximum expiration, thereby reducing the vital 
capacity. Since the maximum expiratory level is not reached, all the © 
reserve air is not expelled, thus increasing the residual volume of the 
lungs. Another factor in addition to the reduced mobility of the chest 
is the loss of elasticity of the parenchyma of the lungs and the bronchial 
tree. With impairment of this tissue the above alterations wili be 
augmented. Christie (23) recently has proposed a simple test for the 
detection of alterations in the pulmonary elasticity and terms it the 
“over-distension test.’”’ Normally, when the reserve and complementary 
volumes are recorded separately, the expiratory level immediately after 
maximum deflation and inflation returns to the previous level. Also, 
the sum of the reserve and complementary volumes approximates the 
value for the vital capacity when this volume is taken in the usual 
clinical fashion, that is, complete expiration following maximum in- 
spiration. Christie demonstrated in cases of obstructive emphysema 
where there is a loss of pulmonary elasticity that the expiratory level 
did not return immediately to the previous level following maximum 
deflation or inflation, but that it gradually rose or fell by a series of steps 
to the original level. Likewise he noticed partial or complete disap- 
pearance of the reserve air after a maximum inflation. These tests 
were performed on the 50 normal subjects in this series and the results 
show that there was a decrease of more than 200 cc. in the reserve air 
in 20 cases (40 per cent) following maximum inflation as compared with 
the volume when it was recorded separately. In the same number of 
individuals the expiratory level did not reach the original one immedi- 
ately but gradually returned by a series of steps. These abnormalities 
of the spirometric tracings in this group of older men may well be due 
not only to a slight impairment of pulmonary elasticity but also to 
decreased mobility of the chest cage. Additional evidence of impairment 
of pulmonary elasticity, accompanied by an increase in the size of the 
lungs at maximum expiration, has been recently demonstrated by 
Prinzmetal and Kountz (24) who found that during the fourth decade 
there was a gradual reduction both in vital capacity and in the ability 
of the individual to lower the intrapleural pressure. They ascribed 
these alterations to a decrease in the power of the respiratory muscles 
and a loss of elasticity of the lungs. 


PULMONARY VOLUMINA 687 


Another factor responsible for the decrease in vital capacity which 
has been suggested is weakened general musculature and lack of exercise. 
This does not seem to be so in this series of men. The individuals in 
this group were mainly men who have been accustomed to and are still 
engaged in moderately severe work, so that their muscular system 
should be as efficient or more so than that of those in the third decade 
who were students. 

When the individuals in the present series are grouped according to 
their occupations, it appears that the values for the vital capacity are 
independent of the degree of physical activity. The residual air and 
mid capacity were somewhat higher in the group of men engaged as 
mechanics and laborers than those in professions, although the volume 
of the chest was smaller in the former than in the latter group. How- 
ever, in a larger series of cases this may not be true. 


SUMMARY AND CONCLUSIONS 


Determinations of the total pulmonary capacity and its subdivisions 
and roentgenographic measurements were made on a series of 50 normal 
males between the ages of 38 and 63 years. It has been shown that 
the pulmonary capacity may be predicted from the “radiological chest 
volume” at maximum inspiration with a reasonable degree of accuracy. 
The method of calculation has been presented in detail. The results 
of this series have been compared to those of a group of male subjects in 
the third decade previously reported (1,2). The effect of age on the pul- 
monary capacity and shape and expansion of the chest has been pre- 
sented. The influence of posture (lying and sitting) on the pulmonary 
capacity and size and expansion of the chest has been demonstrated. 

The observations presented suggest the following conclusions: 

1. In normal male subjects of the fifth and sixth decades there are 
marked variations in the absolute values of the pulmonary capacity. 
There are high correlations between the vital and total capacities and 
the “radiological chest volume” at maximum inspiration. From the 
correlation coefficient a formula has been developed which permits the 
prediction of the normal pulmonary capacity in any given case. 

2. A variation from the predicted values of more than 20 per cent 
in the observed total and vital capacities, and of more than 40 and 50 
per cent in the mid capacity and residual air respectively, may be con- 
sidered beyond the normal limits of variations. 

3. The vital capacity, residual air and mid capacity expressed as 
percentages of the total capacity vary within well defined limits. When 
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the residual air constitutes more than 40 per cent of the total capacity, 
it may be considered significant. 

4. When a subject changes from a sitting to a recumbent position 
the total and vital capacities and the residual air decrease slightly, the 
reserve air moderately, while there is a moderate increase in the com- 
plementary air. 

5. There is a definite correlation between the respiratory dead space 
and the tidal volume, independent of the respiratory rate. 

6. The expansion of the chest can best be determined by roentgeno- 
area at maximum expiration 
area at maximum inspiration 
exceeds 71 per cent and if the rib movement from maximum expiration 
to inspiration is less than 9 degrees, chest expansion may be considered 
to be abnormally small. 

7. Age causes a gradual progressive decrease in the total and vital 
capacities from the third decade to the eighth. The residual air does 
not appear to be affected until after the fifty-fifth year. From youth 
to old age the ability to expand the chest gradually diminishes, as indi- 
area at maximum expiration 
area at maximum inspiration 


graphic measurements. If the ratio 


cated by the ratio 100, excursion of the 


diaphragm, lateral expansion of the chest and rib rotation. 
8. The factors responsible for the effect of age on the pulmonary 
capacity and chest expansion have been discussed. 
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NONCASEATING TUBERCULOSIS! 
An Analysis of the Literature 
MAX PINNER 


In a brief preliminary report (157 a) I have tried to outline the various 
clinical and pathological pictures that constitute the domain of non- 
caseating tuberculosis. The opinion was expressed that Boeck’s sarcoid, 
ostitis tuberculosea multiplex cystoides, uveoparotid fever, certain cases 
of Mikulicz’s syndrome and a number of disseminated pulmonary and 
lymph node lesions are the main representatives of noncaseating tuber- 
culosis. The purpose of this report is to present an analysis of the 
available facts and observations in the literature that may support the 
contention made in the former communication. 

It is, therefore, not my aim to give a full clinical pathological descrip- 
tion of the diseases mentioned; this knowledge is rather presupposed and 
adequate references are provided. I wish to present those data that seem 
pertinent in answering the two main questions: 


(1) Are the diseases enumerated identical in essence and simply different 
manifestations of the same morbid process? 

(2) Is their aetiology the tubercle bacillus and their pathogenesis a particular 
phase of the disease tuberculosis? 


The bibliography that is appended is not complete. A considerable 
number of papers that have been read in the preparation of this report 
are omitted because they do not contain any data related to the two 
main questions mentioned. Only those papers are included that are 
specifically referred to in the text. Undoubtedly, pertinent reports have 
been overlooked, since these papers are scattered through journals 
devoted to almost any conceivable specialty, and a number of known 
papers were, on account of linguistic barriers, available only in brief 
abstracts. 

However, it is hoped that the material presented is sufficient to make 
an affirmative answer to the two main questions appear to be a reasonable 


1 From the Laboratory of the Hermann M. Biggs Memorial Hospital, Ithaca, New York. 
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working hypothesis, and to show where further work is necessary to 
transform eventually this hypothesis into a convincing assumption and 
finally into proved fact. 


BOECK’S SARCOID 


The terminology of Boeck’s sarcoid is confusingly and unnecessarily 
involved, partly due to the fact that artificial subdivisions have been 
suggested, particularly in regard to the dermatological morphology, 
partly because the recognition that other than cutaneous lesions form an 
essential part of the disease has been a slow gradual development, and 
partly because a number of authors attempted to include in the diagnos- 
tic terms their own opinion as to aetiology, prognosis and general 
appearance. 

The more common diagnostic terms used for the manifestations are: 
multiple benign sarcoid; multiple benign lupoid; sarcoidosis; Boeck’s, 
Besnier’s, Hutchinson’s, Mortimer’s or Schaumann’s disease (or any 
combination of the foregoing names); miliary lupoid; tuberculosis indura- 
tiva lupoides (type Boeck); benign lymphogranulomatosis. 

The early history of the disease, as first described by Boeck (16),? 
is well discussed by Hunter. In its cutaneous manifestations it is essen- 
tially identical with the subcutaneous sarcoids (Darier and Roussy (33)), 
with lupus pernio (Besnier), with angiolupoid (Brocq and Pautrier), 
and probably, but more questionably so with erythema induratum 
Bazin. The opinion that these various dermatological conditions are 
essentially identical is extensively discussed by Volk (207), and more 
recently by Grschebin and Proppe. The main differences between these 
dermatological manifestations are those of localization which do not 
obscure their morphological and histogenetic unity. 


Distribution of Lesions 


The main development in the knowledge of Boeck’s sarcoid is in the 
realization that it is potentially a generalized disease in which skin mani- 
festations are frequent but not constant. On the basis of clinical obser- 
vation, supported by bioptic findings, there is hardly any organ system 
that has not been found involved. While in many cases it is easy to 
suspect the diagnosis of Boeck’s sarcoid, a positive diagnosis is impossible 
without bioptic study. I shall, therefore, accept the involvement of a 


* Reference numbers are given only when the author’s name is not mentioned, or when 
the Bibliography contains more than one paper by the respective author. 
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given organ only if confirmed by histological findings. For this reason 
it is probably best to present the evidence of the distribution of lesions 
first on the basis of the reported autopsies (table 1). 

However, the relatively few autopsy reports do not yield the correct 
frequency of distribution, first, on account of their small numbers, 
second, because, as Schaumann emphasizes particularly, some sarcoid 
lesions disappear when a progressive tuberculosis supervenes, and, third, 
because in some of the reports it is not stated which organs were and 
were not examined. 

Some of the more rarely observed localizations, according to clinical 
and bioptic studies, are: mucosa of nose (6, 18, 79, 92, 94, 117, 124, 130, 
164, 203), pharynx (13, 117), larynx (13, 115), conjunctiva (17, 92, 93, 
137, 196), striated muscle (9, 117, 198), mammary gland (196), knee 
joint (22), epididymis (77), colon (114), eyelid (44), and peripheral 
nerve (126). (This latter observation has been questioned, since it 
seems more than likely that leprosy was the correct diagnosis.) To 
these must be added involvement of iris, lachrymal and salivary glands; 
these will be discussed in greater detail in the paragraph Associated 
Lesions, where the pertinent references will be found. 

The relative frequency of the major lesions, particularly of those de- 
- monstrable by roentgenological methods, should be judged only by the 
observations of rather recent years since the recognition of sarcoid as a 
generalized disease became established. 

Lymph nodes are involved in the majority of all patients. Schau- 
mann (190) states that he has found lymphatic involvement in all his 
clinical cases and that in his 21 active cases in which the tonsils were 
examined they were found involved. The lymph node involvement is 
frequently independent of lesions peripheral to their respective region 
of drainage. Both peripheral and visceral lymph nodes are affected. 
Martenstein (123) states that of 34 cases with chest roentgenograms 31 
per cent showed enlargement of hilar lymph nodes. The apparent rarity 
of involvement of intraibdominal nodes is probably simulated by the 
difficulty of their detection. 

Bones: The actual frequency of bone lesions is impossible to judge, 
partly because many cases were never examined roentgenologically and 
partly because a considerable number of cases with bone lesions have 
been described as a separate disease without due regard to associated 
foci elsewhere in the body. Nielsen, who has made a special study of 
the osseous lesions in sarcoid, reports that approximately 20 per cent of 
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patients with Boeck’s sarcoid, examined at the Finsen Institute, had 
demonstrable bone lesions. It seems likely from the literature that the 
dermatological manifestations of lupus pernio are more frequently asso- 
ciated with skeletal lesions. A further discussion of bone lesions will 
be presented in the section on ostitis tuberculosea multiplex cystoides. 

Lungs: The pulmonary lesions, apparently first described by Kuz- 
nitzky and Bittorf (103) consist of more or less evenly and symmetrically 
distributed small foci whose seeding is usually denser in the middle and 
lower portions of the lungs than in the apices. At times the lesions 
suggest a diffuse fibrosis with stringy, rather dense shadows in web-like 
arrangement, radiating from the hilum toward the periphery. They are 
distinguished by the absence of exudative features and by their stability. 
The character of the roentgenological shadows is by no means uniform; 
Their variations are probably best indicated by the fact that the follow- 
ing differential diagnostic considerations are often in order from a strictly 
roentgenological point of view: miliary tuberculosis, miliary carcino- 
matosis, diffuse nonspecific or posttuberculous fibrosis, pulmonary con- 
gestion. A definite roentgenological diagnosis is probably impossible; 
it must depend on the histological nature of associated lesions, although 
the simultaneous occurrence of cystic bone foci or the rather character- 
istic clinical course may make the diagnosis highly suggestive. 

It seems quite likely that the multiplicity of roentgenological appear- 
ances is, at least in part, an expression of the different age of the pul- 
monary lesions. The more fibrotic and stringy lesions are probably 
the older ones, since—as will be discussed later—one potential develop- 
ment of the sarcoid tubercle is fibrosis. Nielsen mentions the possibility 
of resorption. Freund observed considerable clearing during four years’ 
observation, Valentini during three years’ observation. Longcope and 
Pierson describe complete disappearance of hilar and parenchymal lesions 
in the course of six years (case 2) and in the course of ten years (case 
3). However, the roentgenological life history of pulmonary sarcoid 
still needs considerable clarification. 

The roentgenological character of intrathoracic sarcoid has been 
described in many individual case reports. Careful studies on series of 
cases have been presented by Nielsen. Of his 46 patients with cutaneous 
sarcoid, 39 had a roentgenological examination of the chest, and 37 
of them showed pulmonary lesions. Representative case reports are 
published for example by Pautrier (151, 152), Kuznitzky (102), and 
Held (71). However, a number of cases have been reported without 
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cutaneous, but with pulmonary lesions (for example: Freund, Nonnen- 
bruch, Bédeker, Waldenstrém (210), cases 1, 3, 5 and 8 of Longcope and 
Pierson). More from postmortem than from roentgenological evidence, 
it is known that fibrosis and concomitant emphysema may develop 
(Schaumann (187), Hudelo and Rabut (76)). Consistent with this is 
the occasional finding of polycythaemia (13, 183) in patients with long 
standing pulmonary sarcoid. 

A distinct help in the diagnosis of pulmonary sarcoid is the spectacu- 
lar discrepancy between the massive anatomical involvement and the 
paucity or absence of respiratory symptoms and physical signs. In this 
regard it seems that all observers are in complete agreement. 

A great deal of uncertainty, however, exists in regard to diagnosis, 
and as corollary, in regard to the question which cases should be included 
in the group of pulmonary sarcoid. Strictly speaking, the diagnosis 
can only be made at autopsy and by histological examination of the 
lesions. When, however, associated lesions are available for biopsy, 
it is probably safe to assume that pulmonary foci of characteristic roent- 
genological appearance are of the same nature as the lesions determined 
by biopsy, usually in lymph nodes or skin, more rarely in tonsils or 
mucous membranes. It would seem justifiable to make the diagnosis 
in some cases without bioptic evidence, when symptomatology, physical 
findings and roentgenological appearance are characteristic. This might 
be done with increased confidence if, as mentioned before, cystic bone 
lesions are demonstrable, if iritis is coéxisting or has occurred previously, 
if tuberculin allergy is low or not demonstrable and if there exists a 
monocytosis. 

There can be no doubt that many cases of pulmonary sarcoid have 
been reported under a great variety of names. It seems impossible at 
the present time to assign every case to its proper classification in the 
absence of any absolute pathognomonic signs and symptoms, save histo- 
logical examinations. The various names under which pulmonary sar- 
coid has been reported include frequently both sarcoid and other condi- 
tions, chiefly banal tuberculosis. It is not assumed that all cases under 
the designations to be enumerated presently are sarcoid; but it seems 
highly probable that some cases in each group are actually sarcoid. The 
names under which we are likely to find some cases of pulmonary sarcoid 
are: chronic miliary tuberculosis (Assman and Held (70)); tuberculids of 
the lung (Bédeker); sclerosing, tuberculous, large-cell hyperplasia 
(Mylius and Schiirmann (138)); certain so called atypical cases of tuber- 
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culosis (Gebsattel, Esser); granulie discréte of Bard; tuberculosis miliaris 
discreta of Neumann; benign pulmonary tuberculosis (Nonnenbruch); 
torpid forms of disseminated tuberculosis (Hantschmann) ; lymphangitis 
reticularis (Hansemann, Schiirmann); granulie froide and tramite of the 
French authors; haematogenous, nonmiliary pulmonary tuberculosis 
(Pinner (156)). This list does not claim completeness. 

Many cases reported under the above classification are not described 
in sufficient detail to warrant definite conclusions, others show some of 
the features that were mentioned above as circumstantial evidence in 
favor of sarcoid, and a few had associated lesions that were bioptically 
diagnosed as sarcoid. 

These lesions are of particular importance because they occur in the 
majority of patients with Boeck’s sarcoid, because they are not infre- 
quently the only demonstrable lesions and because they are frequent in 
some of the other clinical entities that belong probably in the great 
and polymorphous group of noncaseating tuberculosis. It seems likely 
that it is essentially on the basis of these lesions that it will be possible 
at some future time to determine with greater accuracy than is possible 
to-day which clinical pictures belong to the field of noncaseating tuber- 
culosis. Before ending this paragraph on localization and distribution of 
lesions it must be emphasized again that pulmonary sarcoid occurs with- 
out cutaneous manifestations (188, 213, 214). 


Histology 


The histological appearance of sarcoid lesions has been described and 
discussed in some detail by Boeck (16, 17, 18), Ehrmann, Maloney and 
Combes, describing the Darier-Roussy type, Pautrier (153), Schau- 
mann (182), Kyrle (104, 107), Kissmeyer (92, 94), Longcope and Pierson 
and many others. 

It has been stated repeatedly that the absolute diagnosis of sarcoid 
is possible only by histological examination. Histologically, the lesions 
consist of tuberculoid accumulations of epithelioid cells, frequently, but 
not always, surrounded by a thin layer of lymphocytes. Within the 
epithelioid follicles, occasional giant cells of the Langhans type are seen. 
Necrosis and caseation are absent, although single epithelioid cells may 
show some slight necrobiotic changes; exudative features and poly- 
morphonuclear cells are absent. This is the diagnostic picture of sarcoid 
that is seen and reported with monotonous uniformity; and it is probably 
the only histological picture by which the diagnosis can be established. 
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However, it is self-evident that the picture, as described, cannot encom- 
pass the entire life cycle of the lesion. It apparently does not include 
the earliest phases nor the late phases that, according to clinical and 
roentgenological observations, must include resorption and fibrosis. 

As far as the early phase is concerned, Kyrle (107) has observed a case 
with three fairly acute exacerbations of cutaneous sarcoid, and he has — 
taken biopsies at brief intervals. The skin eruption, preceded by fever, 
was first characterized by a simple erythema. Within the first ten days 
there was a simple inflammatory exudate in which lymphocytes pre- 
dominated. Typical sarcoid structures were found from the eleventh 
day on; about the thirty-sixth day a fair number of giant cells were 
present; on the fifty-eighth day the epithelioid cells showed vacuolization 
and degeneration and there was some young granulation tissue. Healing 
occurred with an atrophic scar. 

The available knowledge concerning the late regressive changes has 
accumulated during recent years. Schaumann (183) found in biopsy 
specimens of bone marrow and lymph nodes what he termed une trans- 
formation scléreuse. In autopsy material (190), he and others (12, 
138, 157) observed the same fibrous sclerosis, consisting either of encap- 
sulating fibres around epithelioid granulomata or of a complete replace- 
ment of the granulomata by fibrosis. The fibrosis is characterized by 
particularly heavy, coarse hyaline fibres that frequently stain orange or 
yellowish with van Gieson, indicating probably some degenerative 
process. The hyalinized granuloma, according to my own observations, 
has not the appearance that fibrosed tubercles usually have; the fibrosis 
is coarser and shows practically always the atypical tinctorial reaction 
that Schaumann has pointed out. It would seem that this hyalinization 
must occur rapidly: in two cases in which I found these changes asso- 
ciated with typical sarcoid structures, I have not been able to find inter- 
mediate stages. That is, granulomata that are partly hyalinized are 
frequent, but a histogenetic phase between epithelioid cells and hyaline 
fibrosis, such as young fibroplastic tissue, I have not been able to find. 


Autopsies 


In the literature I have found 17 autopsy reports on patients with 
sarcoid lesions; to this I can add one case (see table 1). .Out of these 18 
cases, shown in table 1, 10 died of causes either not related to sarcoid or 
of causes not fully stated. In the remaining 8 cases, sarcoid or its conse- 
quences was the direct cause of death. In 2 cases (111, 202) the par- 
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ticular localization of the lesions is responsible for the fatal issue. In 
only one case (Nickerson (141), case 1) is it assumed that the massiveness 
of the general involvement per se caused death. One case died with 
emphysema as the outstanding lesion, while it occurred in others too. 
It is evident from these reports that the massive and diffuse hyaliniza- 
tion of the intrapulmonary granulomata was the direct cause of the fibro- 
sis and concomitant emphysema. These observations of sarcoidal pul- 
monary sclerosis and emphysema lend a solid anatomical basis to the 
roentgenological interpretation, mentioned above, of fibrosis developing 
following sarcoid lesions in the lung. 

In four of the 18 autopsy cases, pulmonary tuberculosis was the 
cause .of death; but in a few other cases less significant tuberculous foci 
were found in addition to the major lesions. These cases present 
squarely the question as to the relation, if any, between sarcoid and frank 
tuberculosis. I can fully confirm Schaumann’s impression that frank, 
caseating tuberculosis in these cases seems to be a direct transformation 
of the sarcoid lesions and not an added, separate process. This impres- 
sion is gained by the fact that small caseous centres are found in foci 
that otherwise present typical sarcoid structure. Single foci may accord- 
ingly present typical tuberculous and sarcoid features. In both of 
Schaumann’s cases the cutaneous manifestations of sarcoid (lupus pernio) 
disappeared simultaneously with the development of bacilliferous tuber- 
culosis. In two other cases, Schaumann (189) made the identical clinical 
observation of disappearing cutaneous sarcoids at the time of the appear- 
ance of tuberculosis and the development of hitherto absent tuberculin 
allergy (similar observations (60)). The interrelation between sarcoidal 
structure, tuberculin allergy and caseating tuberculosis will be discussed 
in greater detail later on. 

In practically all autopsies more lesions were found than were clinically 
diagnosed. This applies particularly to lymph nodes, intraibdominal 
and intrathoracic, and to bone marrow in locations that had not shown 
roentgenologically demonstrable foci. It is striking that the most fre- 
quent site of sarcoid involvement follows closely the pattern of distribu- 
tion in miliary tuberculosis; lymph nodes, lung, liver, spleen and bone 
marrow being the most frequently affected tissues. 


Bacteriology 


Considering the great number of attempts to demonstrate tubercle 
bacilli in the specific lesions, the relatively few positive results are not 
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impressive. Kissmeyer stated in 1932 that he had found in the litera- 
ture 39 cases of Boeck’s disease in which animal inoculation was done 
and that 7 of them had given what seemed to be positive results. Since 
then many more attempts have been reported, most of them with nega- 
tive results. 

In table 2 I have summarized all positive bacteriological findings that 
I was able to find in the literature. The number of positive results is 
very small; the number of completely convincing positive results is insig- 
nificant. Practically all positive animal inoculations are represented by 
extremely slowly progressive disease or by atypical findings, such as 
strictly localized lesions, or tuberculous manifestations occurring only 
after animal passage. For this reason, critics question the reliability of 
these findings and suggest the likelihood of spontaneous infection. All 
these arguments are inconclusive, since the original authors often omit 
the description that could identify an inoculation tuberculosis. 

In addition to positive inoculation experiments, some of which are 
probably beyond criticism, a number of authors have demonstrated 
acid-fast bacilli in tissue sections. Of these studies, Kyrle’s observations 
(107) are of particular significance and present probably the explanation 
both for the positive and negative findings. Kyrle, as mentioned in 
the section Histology examined repeated biopsies from a patient with 
acute exacerbations of cutaneous carcoid. During the early inflamma- 
tory phase, many acid-fast bacilli were seen ten days after the onset; 
eleven days later only a few acid-fast bacilli were seen while the typical 
sarcoid structures had made their appearance; in later biopsies no acid- 
fast bacilli were seen. 

During one of the febrile prodromal phases, Kyrle injected 5 cc. of 
blood into a guinea pig and into another one simultaneously bioptic 
skin material; the first guinea pig developed tuberculosis, the second 
did not. Kyrle concludes from this experiment that the bacilli are 
killed promptly in the skin. In the light of these observations it seems 
likely that tubercle bacilli may be present in sarcoid lesions only during 
the earliest phases of their development. This assumption is somewhat 
supported by Lewandowsky’s experimental work which led him to the 
conclusion that freely propagating tubercle bacilli cause inflammatory 
lesions and that, where they are decomposed by the antibacterial factors 
of the host, granulomata, that is tubercles or tuberculoid structures, 
develop. 

At the present state of our knowledge it would probably not serve any 
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useful purpose to attempt a further critical analysis of the positive 
findings assembled in table 2. 


Haematology 


The blood picture does not show any changes that are constant or 
characteristic enough to help in the diagnosis. For a special study of the 
blood picture see Chevallier and Ely (27). That polycythaemia, due to 
the secondary pulmonary fibrosis, may occur, has already been men- 
tioned. In many, but not in all cases, a moderate and sometimes high 
monocytosis is observed (31, 92, 103, 117, 119, 123, 130, 150, 151, 154, 
163, 183). Since the monocytosis is obviously the haemotological mani- 
festation of a monocytic proliferation leading to the epithelioid granu- 
lomata, it can be expected to occur only during the actively proliferating 
phase, hence the irregularity of this phenomenon. 


Tuberculin Reaction 


In the majority of patients with sarcoid the tuberculin reaction is 
negative, or there exists a low degree of allergy (2, 6, 7, 9, 14, 92, 103, 
104, 114, 115, 116, 117, 154, 162, 175). Martenstein (123) states that, 
of 82 patients with Boeck’s sarcoid on whom tuberculin tests were done, 


73 per cent gave a negative reaction, and 62 per cent of 46 patients with 
lupus pernio. Lombholt (115) reports 72 cases of Boeck’s sarcoid with a 
negative Pirquet, 8 with a +, 18 with a + and 2 with a +-+ reaction. 
This anergy plays an important réle in aetiological discussions, as will 
be mentioned later. 


Associated Lesions 


Equally important in regard to the aetiology and interpretation, are 
the combinations with other disease manifestations that have been 
observed. It is difficult, or probably impossible, to decide what features 
should be classed as manifestations of sarcoid itself and which ones should 
be considered as actual combinations. Without an attempt at such 
differentiation some of the more significant features are as follows: 
iridocyclitis (9, 10, 59, 77, 117, 130, 162, 175, 176, 192, 214); parotic 
swelling, sometimes suggestive of uveoparotid fever (6, 10, 59, 92, 93, 
114, 117, 192, 196, 198); swelling of lachrymal glands, at times suggestive 
of Mikulicz syndrome (59, 79, 92, 93, 94, 117). Some form of tuber- 
culosis, coéxisting with sarcoid, preceding or following it, is reported in 
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approximately 10 per cent of the cases. It seems to be the rule that the 
cutaneous manifestations—and at times others as well—heal spon- 
taneously and rapidly when frank tuberculosis develops. This phe- 
nomenon has been emphasized particularly by Schaumann (186, 190), 
but it has been reported, too, by Goldschmidt, by Bonnevi and With, | 
and by Striimpke. In a case of subcutaneous sarcoid of the Darier- 
Roussy type, Proppe saw the development of lupus vulgaris in the scar 
from the excision of the first lesion after three years. 


OSTITIS TUBERCULOSEA MULTIPLEX CYSTOIDES 


These bone lesions, occurring most frequently in the phalanges and 
metacarpal and metatarsal bones, were first described as a separate 
clinical entity by Jiingling (87) in 1919 (4 cases) and in a more extensive 
paper (88) (9 cases) in 1928. It is evident that these lesions are but one 
of the possible manifestations of Boeck’s sarcoid. As mentioned in the 
section on Boeck’s sarcoid, these cyst-like bone lesions are demonstrable 
in many patients with Boeck’s sarcoid and lupus pernio. In his second 
paper, Jiingling states that they were found in 29 out of 30 patients with 
lupus pernio that had been examined roentgenologically, but he stresses 
the fact that bone lesions may exist without skin lesions. This is appar- 
ently true of any localization of sarcoid lesions. Jiingling described the 
histological picture as a noncaseating tuberculosis, consisting chiefly of 
epithelioid cells, few giant cells and no necrosis. In only one case did 
he get a positive animal inoculation with biopsy material. 

The type of bone lesion described by Jiingling was reported probably 
first in 1904 by Kreibich in two out of three patients with lupus pernio. 
Bloch (13) described another patient with lupus pernio, in 1907, in whom 
two metacarpal bones showed spina-ventosa-like lesions. In 1910, 
Rieder (169) made a report of 2 cases with the “combination of chronic 
osteomyelitis (spina ventosa) with lupus pernio.”’ 

Fraenkel observed a young man with enlarged spleen and multiple 
adenopathy; biopsy of lymph nodes showed purely fibrous tubercles, 
containing Langhans giant cells without any caseation. Practically all 
phalanges of both feet and some of the hands showed cyst-like lesions 
that Fraenkel called spina ventosa multiplex adultorum and interpreted 
as a peculiar form of multiple bone tuberculosis. It is interesting to 
note that this patient developed bilateral tuberculous iritis a few years 
later. 


705 


NONCASEATING TUBERCULOSIS 


Detailed roentgenological descriptions of the bone lesions have been 
published by Jiingling, Fleischner who suggested the change from 
Jiingling’s original cystica to cystoides, by Kirklin and Morton, Nielsen, 
and Heyden. 

However, far more of these bone lesions are reported as part of the 
several clinical pictures of Boeck’s sarcoid and related lesions than as 
separate entities. 

The histological description given by Jiingling has been confirmed and 
completed mainly by Schaumann (183). He showed that in the bone 
marrow, just as in other localizations, one regressive development is 
fibrosis. He found the sarcoid lesions in bones that did not present any 
clinical disease nor roentgenological signs. 

Similar to other sarcoid lesions, tubercle bacilli have only rarely been 
demonstrated. Van Alstyne and Gowen could demonstrate acid-fast 
rods in biopsy material from a case that was probably not entirely char- 
acteristic, since lesions were demonstrated in some of the long bones, ; 
and since there was some caseation histologically. Jiingling (88), Stal- L 
mann, and Chisholm demonstrated tubercle bacilli, the former two by 
animal inoculation, the latter bacterioscopically (see table 2). | 

Since Jiingling’s disease is, as stated above, the osseous manifestation 4 
of Boeck’s sarcoid and, as such, is so frequently associated with the latter, 4 
it appears entirely unnecessary to discuss in detail the further charac- 4 
teristics of this disease. There is again the frequent tuberculin anergy, 
frequency of monocytosis, chronicity, paucity of symptoms, and the bP 
same associated manifestations as discussed in greater detail under ; 
Boeck’s sarcoid, for example, association with lupus vulgaris (Koch). 

In addition to the papers mentioned above, the following ones seem b 
to be of special interest for a more detailed account of ostztis tuberculosea a 
multiplex cystoides: Hecht, Mayr, Doub and Menagh, Sanes and Smith, 
and Chevallier and Fiehrer (26). 


UVEOPAROTID FEVER 


The clinical syndrome, first clearly described and differentiated from 
mumps by Heerfordt in 1909, is fairly rare. Some of the literature 
reviews are indicative of the frequency. Berg reviewed 40 cases in 1923, 
Roenne about 30 in 1928, Garland and Thomson (54) 47 in 1933, Savin 66 
in 1934, Cohen and Rabinowitz about 65 in 1935, Nowkirischki about 70 
in 1935, Folger about 60 cases in 1936, and Waldenstrém about 84 
in 1937. 
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Histology 


In a number of cases biopsies were performed on the iris, the parotis 
or an associated lymph node. Lehmann, Atland (quoted by Garland 
and Thomson), Bang, Fleischer, Coppez (quoted by Garland and Thom- 
son), and Ohno (quoted by Waldenstrém) examined pieces of iris and 
found a more or less typical tuberculous structure without caseation. 
Biopsies from the parotis were examined by Garland (53), Cavara, 
Haferkorn, Waldenstrém, Gram, Reimers, Weve, Cashell, and Slot, et ai. 
All these authors agree that the histological character is that of tuber- 
culosis without caseation. The lesions show usually many giant cells 
within the epithelioid proliferation, some marginal lymphocytes and 
fibrosis. Haferkorn and Slot, et al. observed some caseation. Walden- 
strém seems to be the only observer who has removed biopsy material 
from an involved parotis twice with an interval of about 7 months. The 
first biopsy, taken during the clinically active phase of the disease, 
showed typical tubercles without caseation, the second showed massive 
sclerosis and shrinkage of the tissue with round cell infiltration. 

The lymph nodes most frequently enlarged during the course of this 
disease are the hilar, cervical and supraclavicular. Kruskal and Levitt, 
and Cohen and Rabinowitz examined supraclavicular lymph nodes and 
Lehmann cervical lymph nodes; these authors found epithelioid cell 
tubercles, with a variable number of giant cells and no caseation. 

Weve examined a biopsy from a swollen lachrymal gland in addition 
to one of parotis; both glands showed epithelioid cell tubercles. These 
bioptic findings are confirmed by necroptic observations. 


Autopsies 


Bang reports the autopsy of a boy, who died about one year following 
the onset of the disease. Clinically there was bilateral iritis, bilateral 
parotitis, dacryoadenitis, peripheral lymphadenitis and massive enlarge- 
ment of the hilar lymph nodes; later on exudative pleuritis developed. 
The autopsy showed miliary tuberculosis in pleurae, pericardium and 
peritoneum, massive caseous tuberculosis of the lungs, liver, spleen and 
brain. The lachrymal and sublingual glands showed a few epithelioid 
cell tubercles and much interstitial inflammation. 

Souter had a patient with the characteristic signs of the disease who 
died 10 months after the onset. This patient, 40 years old, showed 
massive tuberculous involvement of the myocardium and the hilar lymph 
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nodes, miliary tuberculosis of pleurae and lungs. Thomson, who made 
a special report of the findings in the heart of this case, states that 
neither the myocardial focus nor the miliary tubercles in the lungs 
showed any evidence of caseation. All these lesions consisted mainly 
of epithelioid cells, some giant cells and few collagenous fibres. 

Garland and Thomson (54) autopsied a woman, 28 years of age, who 
died with increasing dyspnoea and cyanosis about 5 months following 
the onset of her disease. The parotic glands were small and densely 
fibrosed. Dense miliary tubercles were scattered throughout the lungs, 
epicardium, peritoneum and kidneys. There was massive involvement 
of the myocardium without gross caseation and old caseated and calcified 
foci in the mesenteric lymph nodes. Microscopically all the miliary 
tubercles showed a structure characteristic of tuberculosis, but caseation 
was absent. 


Bacteriology 


There seem to be only four positive bacteriological findings reported 
although numerous authors have attempted to demonstrate tubercle 
bacilli in the lesions. Cavara observed the development of a typical 
but chronic inoculation tuberculosis in one guinea pig out of several 
injected with biopsy material from the parotis. 

In the case reported by Souter and by Thomson, tubercle bacilli were 
found bacterioscopically in the “triturated” material from the myo- 
cardial focus. 

Tanner and McCurry found typical appearing acid-fast bacilli in 
histological sections from the parotis gland in their case 2. (This is 
apparently the same case as the one mentioned by McCurry in the dis- 
cussion of Savin’s paper (179).) 

According to Slot, et al., van der Hoeve demonstrated acid-fast rods 
in a preauricular lymph node. 


Associated Lesions 


Lung: In many cases of uveoparotid fever, intrathoracic lesions are 
reported of the same main character as those in Boeck’s sarcoid. They 
are either enlargements of the hilar lymph nodes or scattered paren- 
chymal lesions, or both, in most cases again distinguished by the paucity 
of signs and symptoms. Such roentgenological findings are reported by 
Souter, confirmed by autopsy findings, Tanner and McCurry (two cases), 
Savin, Garland (53), Cohen and Rabinowitz, Haferkorn, Gram, Reimers, 
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Kruskal and Levitt, Garland and Thomson (54) (this case had a normal 
chest roentgenogram early in the disease but showed productive miliary 
tubercles in the lungs at autopsy), Davies, Miiller, Nowkirischki, Rieth, 
Schall, Levin and Slot, e¢ al. 

Skin: Erythema nodosum or erythematous lesions highly suggestive 
of this diagnosis were observed by Brewerton, Cohen and Rabinowitz, ' 
Davies, Merrill and Oaks, Levin, Gram, and Waldenstrém. 

Lachrymal glands: In a number of cases the lachrymal glands were 
enlarged. Cavara and Weve proved the histological identity of the 
involvement. In other cases, the involvement of the lachrymal glands 
was so marked, or there was associated enlargement of the submaxillary 
and sublingual glands that a clinical syndrome similar to or identical 
with Mikulicz’ disease was evident in addition to uveoparotid fever. 
Such cases were reported by Bang (2 cases), Berg, Hamburger and 
Schaffer whose paper is entitled ‘‘Uveoparotid fever as a manifestation 
of Mikulicz’s syndrome.” Reed describes a case of an 18 year old boy 
who had a crop of flat healing ulcers on the back, swollen cervical lymph 
nodes, chronic parotitis, and enlargement of the other salivary glands 
uveitis, but no apparent involvement of the lachrymal glands; histo- 
logically cervical lymph nodes showed fibrosis, but no tubercles. A case 
of “polyneuritis preceded by inflammation of the parotid, lachrymal 
and mammary glands” (173) may be mentioned in this connection. 

Tuberculosis: Frank tuberculosis or lesions strongly suggestive of 
tuberculosis are found in a considerable percentage of patients, as are 
tuberculous antecedents. Garland (53) biopsied tuberculids in one 
patient and found typical productive tubercles. Merrill and Oaks, and 
Levin report pleural effusions, the former during the illness, the latter 
preceding it. 

Sarcoid: Kruskal and Levitt found typical sarcoid lesions in a cervical 
lymph node and Bering reported a case of Boeck’s sarcoid with typical 
histological findings, complicated by uveoparotic fever. Slot, e¢ al. 
observed and discuss in some detail the coéxistence of uveoparotid fever 
and cutaneous sarcoid lesions. 

Bones: Kuhlefeldt reports signs and symptoms suggestive of ostitis 
tuberculosea multiplex cystoides in a patient with uveoparotid fever, but 
no X-ray films of the involved limbs were made. Since many cases of 
this bone lesion are unsuspected without roentgenological examination 
and since roentgenological examinations of the small bones are not 
reported in these patients, it is quite possible that bone cysts character- 
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istic of noncaseating tuberculosis might be found in a considerable per- 
centage of patients with uveoparotid fever if their small bones were 
regularly X-rayed. 


Tuberculin Reaction 


Tuberculin anergy exists in the majority of cases. Failure to react to 
an intracutaneous injection of 1 mgm. Old Tuberculin or more is reported 
by Levin, Kruskal and Levitt, Hamburger and Schaffer, Cohen and 
Rabinowitz, and Waldenstrém. Negative reactions to smaller or not 
specified amounts of tuberculin were seen by Garland and Thomson (54), 
Savin, Souter, Weve, Thomson, Mohr, Mackay, Leeksma, Nowkirischki, ‘ 
Cavara, Brewerton, and Slot, e¢ al. I have not found any attempts to 
demonstrate anticutins or procutins in patients with uveoparotid fever. 


Haematology 


In a number of cases, monocytosis, similar to that in Boeck’s sarcoid, ; 
is reported (Tanner and McCurry, Folger, Hamburger and Schaffer). | 
But since blood counts are not reported in many cases, it is impossible 
to state how frequently monocytosis actually occurs. 


UNCLASSIFIED CASES OF NONCASEATING TUBERCULOSIS 


It has been mentioned repeatedly that lesions with sarcoid structure 
may invade practically any organ of the body, that they may produce a 
widespread involvement or that they may occur in single organs only. 
However, apparent confinement to one particular organ may in many 
cases be simply a matter of demonstrability. Without roentgenological 
examination, most cystic bone lesions, mediastinal lymph node involve- 
ment and pulmonary lesions would never be detected. Other lesions 
remain unsuspected until revealed by necropsy. Lesions that present 
the characteristic histological structure of sarcoid have been observed 
in various organs and, because of unusual location or symptoms and signs 
caused by the particular localizations, have been described under a 
number of different names. Some cases belonging to this motley group 
are related here. 

In the cases listed below, it must be assumed that in many of them 
additional lesions might have been present, but were not detectable by 
the diagnostic procedures employed. 

According to different organ systems, the following case reports are 
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cited to complete further the clinical and anatomical manifestations that 
probably belong in the field of noncaseating tuberculosis. 

Lung: These cases, at least some of their important representatives, 
have been mentioned under Boeck’s sarcoid. Special reference is made 
here to cases described as chronic miliary tuberculosis, miliaris discreta 
and granulie froide. It is particularly doubtful whether in such cases of 
a diffuse miliary seeding other organs are not involved; but, since in the 
cases mentioned autopsies were not done, the question remains open. 
However, in other cases (Nonnenbruch, Hantschmann) clinical evidence 
of a more universal involvement is present in the form of bone cysts, 
skin lesions, enlarged spleen and lymph nodes. It is probably significant 
that all autopsied cases with pulmonary dissemination showed numerous 
extrapulmonary foci as well. 

Lymph nodes: Cases with noncaseating lesions in multiple groups of 
lymph nodes have been reported by Chiari, Walz, Mylius and Schiir- 
mann, and Schiirmann (2 cases.) 

Spleen: A number of cases with strictly proliferative, noncaseating 
lesions in the spleen have been reported, for example by Jadassohn (84), 
Lubarsch, Engelbreth-Holm (4 cases), Leidel whose case had, however, 
enlarged axillary lymph nodes that were not examined histologically. 
Carling and Hicks reported two cases of tuberculous splenomegaly with 
noncaseating lesions; their first case came to autopsy and showed, in 
addition to the splenic lesions, miliary involvement of lungs, liver and 
lymph nodes; this case belongs, accordingly, to the next group. Their 
second case, in which only the excised spleen was examined patho- 
logically, did not show any clinical evidence of other localizations. 

Generalized forms: Chiari autopsied a patient with massive enlarge- 
ment of hilar and other lymph nodes. Histologically, the lesions con- 
sisted of epithelioid cell tubercles with giant cells and fibrosis; only a few 
foci showed minimal caseation. In the main lesion in the hilar nodes, 
neither caseation nor tubercle bacilli could be found, but bacilli were 
demonstrated in some of the other foci. Askanazy described a case with 
miliary tubercles in spleen, bone marrow and all lymph nodes, none 
showing caseation; this patient had up to 20 per cent monocytes during 
his illness. Askanazy refers to two similar cases in the literature. In 
the antiformin-digested spleen acid-fast rods were found. Gebsattel 
reported a case with involvement of practically all lymph nodes, spleen, 
liver, lung, all consisting of epithelioid tubercles with much fibrosis and 
without caseation. Esser studied, under the name of atypical tuber- 
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culosis, two cases that belong in this category. Waetzold reported one 
case with involvement of lungs and multiple lymph nodes. Mylius 
and Schiirmann (138), in addition to the case of pure lymph node involve- i 
ment, observed and autopsied a second patient with massive involvement ; 
of the lymph nodes in the pulmonary and hepatic hilum, of small bones, 
iris and skin. Histologically all lesions were identical with those de- 
scribed by Schaumann, showing the various stages of pure epithelioid 
cell tubercles to fibroma-like sclerosed nodules. Only the foci in the 
lungs showed caseation. These authors advocate for this form of tuber- 
culosis the term universal, sclerosing tuberculous large cell hyperplasia. 

Clinical observations without autopsy reports of apparently non- 
caseating generalized tuberculosis are reported by Hantschmann, Non- 
nenbruch, Bédeker and Freund. - 


MIKULICZ’S SYNDROME 


Mikulicz described a “peculiar symmetrical disease of the lachrymal 
and salivary glands” first in a brief case presentation in 1888 and in a 
detailed report in 1892. The cases that Mikulicz had seen himself and 
clinically similar cases from the literature made it quite obvious that the 
syndrome is not causes by one single aetiological agent. One of Miku- é 
licz’s cases was probably due to tuberculosis: “the main mass of the 10 
times enlarged lachrymal gland consists of granulation tissue; in this are 
found numerous typical tubercles with Langhan’s giant cells.” There is 
no indication in this brief description of the presence or absence of 
caseation, but it permits probably of the conclusion that Mikulicz’s 
syndrome can be caused by tuberculosis. | 

Later observations confirmed both these points, that Mikulicz’s F 
syndrome has no uniform aetiology and that one of its possible aetio- : 
logical agents is tuberculosis. 3 

We are here not concerned with the totality of this syndrome, but 
only with those relatively rare cases that seem to belong in the group of 
noncaseating tuberculosis. For a comprehensive discussion of Mikulicz’s ' 
syndrome, irrespective of aetiology, the reader is referred to Meller, 

Howard, Schaffer and Jacobsen. 

It is purely an artificial division to separate cases showing the complete 
syndrome and cases that have only symmetrical involvement of the lach- 
rymal glands without swelling of the salivary glands. Such an incom- 
plete case was reported by van Duyse in 1896; the lachrymal gland 
lesion is described as tuberculous tissue, consisting chiefly of epithelioid 
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and giant cells with practically no regressive changes, with very few 
leucocytes and without demonstrable tubercle bacilli. According to 
van Duyse, similar cases had been reported by Abadie, de Lapersonne, 
Miiller, Baas and Salzer; only in Miiller’s two cases were acid-fast bacilli 
demonstrated. These latter cases lead over to frank tuberculosis of the 
lachrymal glands with typical caseation and acid-fast bacilli, such as the 
cases reported by Plitt and Napp. Another “incomplete” case, showing 
bilateral swelling of the lacyrimal glands, followed later by involvement 
of submaxillary glands, was reported by Igersheimer and Pdéllot; this 
patient did not react to 5 mgm. Old Tuberculin; biopsy material injected 
into a guinea pig and rabbit did not produce tuberculosis, and showed 
histologically epithelioid cell tubercles without caseation. On the other 
hand, de Jong and Joseph reported un cas fruste de syndrome de Mikulicz 
with involvement of all salivary glands, but without disease of the lach- 
rymal glands; since this case had chronic iritis and conjunctivitis, it 
might as well be assigned to uveoparotid fever as to an incomplete 
Mikulicz’s syndrome. 

The following authors report cases that are definitely tuberculous or 
highly suggestive: Osler, his patient died of pulmonary tuberculosis; 
Stieren, his patient had marked supraclavicular lymphadenitis and signs 
of pulmonary tuberculosis; Fleischer, his patient had in addition to the 
complete syndrome a peculiar conjunctivitis, enlargement of the spleen 
and peripheral lymph nodes; excised pieces from the conjunctiva showed 
epithelioid cell tubercles with few giant cells which Baumgarten did not 
hesitate to call tuberculosis in spite of the absence of acid-fast bacilli in 
the sections. Meller reported one case associated with lupus vulgaris; 
Krailsheimer a case of Mikulicz’s syndrome with peripheral lymphad- 
enitis and tubercles in the right iris, the excised submaxillary gland 
showing chronic interstitial inflammation with giant cells and many acid- 
fast bacilli; Detzel, a case with the characteristic picture of noncaseating, 
sclerosing tuberculosis. The case reported by Reed belongs probably 
more closely to uveoparotid fever than to Mikulicz’s syndrome, since 
his patient had, in addition to swelling of the salivary glands, uveitis, but 
no involvement of the lachrymal glands. 

Quite a few cases are on record in which biopsy of the involved glands 
show either simple lymphocytic infiltration or a nonspecific fibrosis. 
It is possible, but not provable, that such findings, particularly in cases 
showing fibrosis (Hirsch), represent late stages of noncaseating tuber- 
culosis. 
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The chief arguments for assuming that some cases of Mikulicz’s 
syndrome are noncaseating tuberculosis, are: their histological charac- 
teristics, with or without demonstrable tubercle bacilli, and the cases 
that stand somewhere in between the typical syndrome and other clinical 
pictures, uveoparotid fever in particular, that we assume to belong to 
the field of noncaseating tuberculosis. 

It is unfortunate for the purpose of the present discussion that, in 
most of the case reports of Mikulicz’s syndrome, scant attention is given 
to the examination beyond the obviously involved parts. Roentgeno- 
grams of the chest and bones, tuberculin tests and blood counts are 
reported all too infrequently in these patients. It would appear quite 
likely that more thorough examinations would reveal in a certain number 
of these patients pulmonary and hilar involvement, cystic bone lesions, 
tuberculin anergy, monocytosis—in brief, those phenomena that are 
apparently characteristic of noncaseating tuberculosis. 


DISCUSSION 


The main contention of this review is that the various clinical pictures 
discussed belong in the uniform aetiological and morphological group, 
noncaseating tuberculosis. This contention implies the postulate that 
these various clinical pictures comprise a definite entity, that they belong 
together in a more than casual manner, that they are really only different 
manifestations of the same morbid process. Disregarding for the 
moment their aetiology, the evidence should be briefly reviewed that 
justifies the assumption of their essential identity. 

Probably the most important evidence is the uniform histology of the 
lesions whose unit is the epithelioid tubercle without caseation and with 
its potential developments as discussed. The next point is the over- 
whelming frequency of tuberculin anergy. But, from the clinical and 
diagnostic point of view, their identity is best shown by those features 
that they have in common and by the relative frequency of overlapping 
clinical manifestations. 

The features common to this group of clinical pictures are: (/) the 
disseminated pulmonary lesions and tracheobronchial lymph node en- 
largement, (2) peripheral lymphadenopathies, (3) cystic bone lesions, 
(4) chronicity, (5) paucity of symptoms, and (6) monocytosis during the 
active stage. It would be repetitious to cite again the great frequency of 
these features. Indeed, the question whether a given case is reported as 
Boeck’s sarcoid with pulmonary and ocular lesions, or as disseminated 
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pulmonary tuberculosis with iritis, or as Jiingling’s disease with skin and 
eye lesions, or as uveoparotid fever with intrathoracic foci and sarcoid 
skin lesions, seems often to depend simply on the question of whether the 
report is made by a dermatologist, an internist, a roentgenologist, or an 
ophthalmologist. From the clinical-roentgenological point of view the 
similarity or identity of the intrathoracic lesions in all these clinical © 
pictures is particularly impressive. 

While the occurrence of the characteristic lesions in the three systems, 
lungs, lymph nodes and bones, has a high diagnostic value, and while 
additional lesions in salivary glands, skin and in the uveal tract designate 
the traditional clinical pigeon hole to which a given case may be assigned, 
it must be remembered that many cases are “incomplete” and that often 
the proper diagnosis will be missed if one is not prepared to recognize 
partial manifestations of a traditional syndrome. 

The overlapping of clinical features in cases showing manifestations 
that belong to more than one of the established clinical entities is a 
further significant indication of the real unity of these conditions. The 
review of cases mentioned must have made it clear that the exact defini- 
tion of the traditional clinical pictures has become somewhat arbitrary. 
Typically Boeck’s sarcoid may be taken to include involvement of skin 
and lymph nodes; Jiingling’s disease, involvement of small bones; uveo- 
parotid fever, involvement of parotic glands and uveal tract; and Miku- 
licz’s syndrome, involvement of salivary and lachrymal glands. How- 
ever, the incidence of Jiingling’s disease in Boeck’s sarcoid is probably 
as frequent as the incidence of Boeck’s sarcoid in Jiingling’s disease. 
Iritis is reported in many cases of Boeck’s sarcoid (see references above), 
so is the involvement of salivary glands, and so is the involvement of 
lachrymal glands. Iritis associated with Mikulicz’s syndrome is reported 
(Gjessing, Reed), lachrymal gland involvement in uveoparotid fever 
(Cavara, Mohr, Weve). Berg emphasizes the overlapping of Mikulicz’s 
syndrome and uveoparotid fever. Jackson, reviewing the relationship 
of uveoparotid fever and Mikulicz’s syndrome, states editorially: “It 
would appear that the syndromes described by Mikulicz and Heerfordt 
have important points in common.” In brief, all possible combinations 
between the classical pictures of Boeck’s sarcoid (inclusive of lupus pernio 
and Darrier-Roussy’s sarcoids), uveoparotid fever, Jiingling’s disease 
and Mikulicz’s syndrome occur, and the types of cases mentioned under 
“unclassified cases of noncaseating tuberculosis” add further variety and 
significant links to the possible combinations. 
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That all these clinical pictures are noncaseating tuberculosis is meant 
to apply, in toto, to Boeck’s sarcoid and its closely related skin lesions, 
such as lupus pernio, Darrier-Roussy’s subcutaneous sarcoid, angio- 
lupoid, to ostitis tuberculosea multiplex cystoides, to the sarcoid lesions 
of internal organs, particularly the lungs, described as Boeck’s sarcoid, 
Schaumann’s benign lymphogranulomatosis, or the so called universal 
sclerosing large cell tuberculous hyperplasia, and to uveoparotid fever. 
It is possible that a few exceptional cases presenting these syndromes 
may be caused by other agents. But Mikulicz’s syndrome is obviously 
not an aetiological entity, and it has been pointed out above which of 
the cases on record are most likely to be noncaseating tuberculosis. 

The proof of the tuberculous aetiology rests on a number of arguments. 
The strict bacteriological proof is available for so few cases that it is not 
convincing by mere numbers. However, there appear to be good reasons 
why bacilli are so rarely found. In Boeck’s sarcoid which may well be 
considered the type lesion of the entire group, Kyrle has been able to show 
that bacilli are present only during a brief initial phase. The particular 
immunological situation that determines the morphological character- 
istics of the lesions may well be the cause for the prompt killing of bacilli. 

Not much value can be attached to the finding of tubercle bacilli in 
the sputum of patients with sarcoid (Keck, Schaumann (184)), since 
it is impossible to know in what phase of the disease the pulmonary 
lesions were. 

The sarcoid tubercle must be considered the extreme representative of 
the productive reaction in tuberculosis. It is well known that in un- 
doubted tuberculous foci bacilli are increasingly difficult to demonstrate 
the more the productive reaction predominates. 

Keeping this general behavior in mind, the few positive bacteriological 
findings done at the correct time assume an importance that far exceeds 
the frequency of the occurrence. 

The next argument in favor of the tuberculous aetiology is the morpho- 
logical nature of the lesions. This particular phase of the tuberculous 
tissue reaction has probably first been described by Ziegler in his textbook 
under the name of “large cell hyperplasia.”” He says that “the large- 
celled tissue here and there is transformed after a while into a homo- 
genous hyaline mass or into a mass composed of glistening flakes (Schol- 
len).”” This is the sclerotic process described above. It is difficult to 
think of an aetiological agent that would cause a histological picture that 
is apparently so characteristic for one phase of tuberculosis, with the 
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globular arrangement of epithelioid cells, the Langhans giant cells and 
the typical developments of fibrosis, resorption and, in few instances, 
caseation. 

This developmental relation between sarcoid lesion and frank, caseat- 
ing, bacilliferous tuberculosis is the next and very powerful argument 
in the present contention. This relation must be viewed from two 
angles: (/) a transformation of sarcoid lesion into classical tuberculosis, 
and (2) the apparent mutual exclusiveness of sarcoid and classical tuber- 
culosis. As to the former, it may be recalled that four autopsied cases 
of Boeck’s sarcoid died of frank tuberculosis, one other case showed 
miliary tubercles in the peritoneum, and another one bilateral hydro- 
thorax. In the four cases with frank tuberculosis, it was the definite 
impression of the observers that there was a gradual transformation of 
sarcoid lesions into caseated foci. The three autopsied cases of uveo- 
parotid fever all had apparently generalized tuberculosis. 

Autopsy reports of cases of Jiingling’s disease per se are not available; 
but patients with the characteristic lesions are among the autopsy cases 
of Boeck’s sarcoid. 

The mutual exclusiveness between sarcoid and caseous tuberculosis 
presents two aspects. In some cases, lesions in one organ system retro- 
gress as lesions in another organ system evolve, a phenomenon that is 
not any too rare in tuberculosis. The other aspect of this problem is 
apparently contained in the fact that sarcoid lesions exist and persist 
precisely in the immunological milieu that is incompatible with caseous 
tuberculosis, that is, anergy. But this is a purely speculative matter 
about which some more will be said in connection with the prevailing 
immunological factors. 

It might seem paradoxical to adduce tuberculin anergy as an argument 
in favor of tuberculous aetiology. However, the failure to react to 
tuberculin is so frequent in these patients that a mere coincidence is 
entirely out of the question. It is not only the frequency of anergy that 
implies that these nonreactors cannot all be free from infection with 
tubercle bacilli, but the not infrequent antecedents of tuberculous disease 
provide positive proof. 

It might, then, be assumed that sarcoidal lesions exert an anergizing 
influence upon their bearers, similar to measles for example. But this 
is rather unlikely because such anergizing action, be it through inter- 
current disease or through experimentally induced desentization, is 
usually of brief duration, and it can be shown that it is only a quantita- 
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tive depression of tuberculin allergy and not a complete extinction. In 
sarcoid, however, the anergy is often complete, as attested by many cases 
that did not react to 1 mgm. of tuberculin or more. The anergy appears, 
therefore, to be an essential feature of the disease, significantly related 
to its aetiology. This impression is further confirmed by the demon- 
stration that patients with sarcoid lesions and with tuberculin anergy 
have substances in their blood serum that react specifically with tuber- 
culin, enhancing or neutralizing the skin reactivity of tuberculin (Marten- 
stein, 122, 123, Goldschmidt, Sulzberger). The demonstration of these 
so called procutins and anticutins has been done in an insufficient number 
of patients to permit a definite conclusion as to the regularity of their 
occurrence and their possible causal relationship to anergy. This topic 
is probably a fruitful field for further investigation of the relationship 
between anergy and the peculiar morphology of the sarcoid reaction. 

If, for the sake of argument, the close association of anergy, specific 
serum properties and absence of caseation be assumed, with the unques- 
tioned corollary of the association between allergy and caseation, the 
question still remains why some patients present this triad and most of 
them do not. 

One might look for the answer in the nature of the invading bacillus. 
The available evidence would indicate that tubercle bacilli isolated 
from sarcoid are of low virulence for experimental animals; nevertheless, 
some: produced caseating lesions. And some patients with Boeck’s 
sarcoid and with uveoparatod fever died of progressive tuberculosis, pre- 
sumably caused by the same strain that caused the preceding non- 
caseating phase. 

That the answer is more likely to be found in the host than in the 
parasite is suggested by the observation that some patients react to 
nonspecific stimuli (india ink) with the formation of sarcoid structure 
(Volk (207)). Oppenheim found the same response following injections 
of morphine. Volk suggests that some individuals, either on account of 
their particular immunological or constitutional situation, are endowed 
with the “‘sarcoidal form of reaction.” 

It is a highly suggestive observation that rats form sarcoid-like lesions 
following the injection of tubercle bacilli, that they do not develop 
tuberculin allergy after infection and that their serum contains tuber- 
culin neutralizing substances that behave like anticutins (W. Jadas- 
sohn (85)). As Jadassohn emphasizes, the triad, absence of caseation, 
anergy and anticutins, is realized in the experimental tuberculosis of 
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rats the same as in human sarcoid. Gloyne and Page, too, found that 
rats reacted with the formation of epithelioid cell tubercles without 
caseation and without sensitization totuberculin. The rat is the extreme 
example of the purely productive reaction to tubercle bacilli. Nieberle 
(142, 143), in his studies on spontaneous animal tuberculosis, stresses 
the fact that certain species show a more or less purely productive reac- 
tion. According to this author, the primary reaction of the horse is 
the local proliferation of histiocytes, a “primary productive reaction,” 
leading in the advanced stages to a diffusely infiltrating large-celled 
granulation tissue, essentially without regressive changes. A similar 
productive reaction is the rule in dogs; here, Nieberle stresses the absence 
of polymorphonuclear leucocytes, the preponderance of epithelioid cells 
and the minimal caseation. Similar findings are reported in cats. But 
the preponderance of purely productive processes is particularly clear 
in foxes and related species. Little is known about the tuberculin reac- 
tivity in these animal species. Gerlach, however, mentions that 33 to 
40 per cent of tuberculous dogs do not react to tuberculin. 

The fact that different animal species differ in just those biological 
and morphological characteristics that distinguish sarcoid from classical 
tuberculosis suggests strongly that the factor or factors determining the 
sarcoid reaction are to be looked for in the host rather than in the 
parasite. 

Summarizing, it might be said that the arguments in favor of the 
tuberculous aetiology of the clinical pictures discussed are: 


(1) Demonstration of tubercle bacilli 

(2) Histological character 

(3) Transformation into classical tuberculosis 

(4) Tuberculin anergy 

(5) Disappearance of sarcoid lesions with the development of frank tuberculosis 
(6) Serological data (anticutins and procutins) 

(7) Simultaneous or successive occurrence of lesions definitely or probably 


tuberculous 
(8) The close similarity between sarcoid reactions in humans and in certain 


animal species 


It is not the intention of this study to discuss the various opinions on 
the aetiology of any or all the diseases mentioned. Suffice it to say that 
a number of prominent workers believe that tuberculosis is not the 
aetiological agent (Kissmeyer, Longcope, Nichols, Hunter, Pautrier, 


NONCASEATING TUBERCULOSIS 719 


Zieler). Kissmeyer believes that Boeck’s sarcoid is caused by a specific 
microédrganism that stands probably somewhere between the tubercle 
bacillus and the leprosy bacillus. Rabello advocates the idea that 
sarcoid is a manifestation of leprosy itself. This opinion, which is based 
essentially on the similarity of certain cutaneous manifestations and does 
not take into account the systemic feature of the disease, has found little 
favor and definite opposition by Reenstierna and Wade. Darier (36) 
is the main representative of the opinion that sarcoid is a uniform reac- 
tion of the body against a multiplicity of possible stimuli, of which the 
tubercle bacillus, possibly in its filterable form, is one. The opinion that 
tuberculosis is the aetiological agent is held by Schaumann, Bloch, 
Jadassohn, Goeckerman, Volk, Martenstein, Montgomery, and many 
others. The evidence in favor of the tubercle bacillus as an aetiological 
agent of uveoparotid fever is most ably and emphatically presented by 
Garland and Thomson. 

Various more or less definite attempts to define the field of a non- 
caseating or purely productive form of tuberculosis and to include more 
or less the diseases mentioned in this paper have been made by Mylius 
and Schiirmann (who do not include uveoparotid fever and Mikulicz’s 
syndrome), by Pagel, by Slot, e¢ al. and more fully by Waldenstrém. 

In describing this group of clinical syndromes, pointing out their 
aetiological similarities and assembling the evidence for the assumption 
that they are noncaseating tuberculosis, the latter term should not be 
understood as a separate type of tuberculosis, but rather as a phase of 
tuberculosis. While the chronicity and the stability of the lesions attest 
to the potential long duration of this phase, the rarely occurring trans- 
formation into caseating forms proves its temporary character. Similar 
to the lack of stability of the lesions in time one must recognize equally 
the fact that the characteristic ‘‘noncaseating”’ is not an absolute defini- 
tion of its nature. Repeated reference has been made to lesions showing 
minimal caseation; this could be amplified by cases showing all the 
clinical essentials of noncaseating tuberculosis, but revealing histo- 
logically well marked areas of caseation, such, for example, as the cases 
reported by Jacobsen, Katzenstein, Vastine and Bacon, and Schaumann. 
For the proper classification of border-line cases it is well to remember 
that definitions are arbitrary divisions without necessarily strictly 
parallel phenomena in reality and that pathological terminology must 
be based, and generally is based, on Virchow’s principle: e fortiori denomit- 
natio fit. But just such border-line cases provide probably a most 
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important clue for the proper understanding and accurate aetiological 
classification. 

In other words, while noncaseating tuberculosis should be recognized 
as a fairly well defined entity despite its polymorphous manifestations, 
it should be clearly understood that there is no rigid dividing line 
between noncaseating and caseating phases; the typical representatives 
are clear cut and easily recognizable, but transformation from the former 
to the latter and border-line cases occur occasionally. 

The particular conditions that favor development and persistence of 
noncaseating lesions are insufficiently understood. Without going into 
the interesting but highly speculative discussions of Jadassohn (83), 
Lewandowsky (113), Volk (207) and others on the interdependence of 
immunobiological factors and morphological characteristics, actual obser- 
vation indicates that failure to react to tuberculin is commonly asso- 
ciated with the noncaseating phases of tuberculosis. Whether this 
anergy is cause or effect, whether it is dependent on the infecting strain, 
on constitutional or on immunological particularities of the host, or on 
the modalities of the apparently chronic intermittent haemotogenous 
dissemination, all these questions must wait for further studies to be 
solved. 


SUMMARY 


1. The available literature is analyzed in an attempt to show that 
Boeck’s sarcoid and related lesions, ostitis tuberculosea multiplex cystoides, 
uveoparotid fever, certain cases of Mikulicz’s syndrome and a motley 
group of unclassified cases, are manifestations of noncaseating tuber- 
culosis. 

2. Noncaseating tuberculosis is a particular phase of tuberculosis that 
is characterized by (a) its strictly productive lesions, (b) repeated 
haemotogenous seedings, (c) its particular affinity to lung, lymphoid 
tissue, small bones, glands, and the uveal tract, (d) its discrepancy be- 
tween marked anatomical involvement and paucity of symptoms, (e) 
its relative chronicity, and (f) by its marked tendency to tuberculin 
anergy. 
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